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Aujeszky's Disease (1) (Pseudorabies) has been recognized through­
out the world including the United States for many years (2-13). 
A variety of reproductive problems has been associated with pseudo-
rabies (PR) infection. The reproductive failures associated with PR are 
more devastating than baby pig losses commonly observed with the disease 
(14). Genital tracts are a natural route of entrance, persistence and 
excretion of numerous viruses in man (15) and in various animal species 
(16-19). 
Recently, investigators have been able to isolate Pseudorabies 
virus (PRV) from the semen of naturally infected boars (20). One inves­
tigator isolated virus from the semen of boars which were inoculated 
preputially (21). 
Researchers have shown that PRV inoculation of pregnant gilts 
resulted in viral invasion of the uterus and placenta (22). Investiga­
tions of PR have shown, without question, that abortion may be a result 
of infection. In these studies, virulent PRV was administered to boars 
and gilts to determine the effects of this virus on their reproductive 
tracts. Particular emphasis was placed on the effects of PRV on boar 
fertility and isolation of virus from the semen, because of the increased 
use of imported semen that may be transported with PRV. It was also our 
intention to understand further the mechanism via which the virus passes 
through the placental barrier in pregnant gilts. 
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OBJECTIVES 
The objectives of this study were; 
1. To assess the effects of pseudorabies virus infection on the 
reproductive tract of boars after intranasal and intrapreputial 
inoculation and to evaluate its effect on semen quality. 
2. To induce abortion and infertility in gilts infected with PRV 
via the intranasal route and with semen containing PRV introduced 
intrauterinely. 
3. To evaluate lesions in the reproductive tract of pregnant gilts 
after inoculation with PRV. 
4. To evaluate the acute effects of PRV on the young boars repro­
ductive tract. 
5. To evaluate the testicular changes in young boars after inocula­
tion with PRV. 
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DISSERTATION FORMAT 
This dissertation is presented in alternate format including five 
manuscripts to be submitted to the Canadian Journal of Comparative 
Medicine. The manuscripts are presented in the format required by the 
Canadian Journal of Comparative Medicine except footnote notations 
which comply with the Iowa State University Graduate College Thesis 
Manual. References cited in each manuscript are included and are in 
compliance with the Canadian Journal of Comparative Medicine. The 
manuscripts are preceded by a general introduction, objectives of the 
investigation and a literature review. General discussion and con­
clusions from the investigation follow the fifth manuscript. 
Additional literature cited refers to citations from the general 
introduction and discussion and is listed in a format consistent with 
the one used in the manuscripts. 
The Ph.D. candidate, LeRoy Brooks Hall, Jr. was the main investi­
gator for each of the studies and is the senior author for each of the 
manuscripts. Co-author work and assistance from technicians are indi­
cated in by-line and footnotes of each manuscript. 
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LITERATURE REVIEW 
Aujeszky's disease was first described in a bull by a Hungarian 
veterinarian, Aladar Aujeszky, in 1902 (1). Since his initial descrip­
tion, the disease has been recognized throughout the world including 
the United States for many years (1-13). In 1931, Shope (23) demon­
strated that the filtrable virus which caused "mad itch" in cattle in 
the Midwestern United States was immunologically identical to the 
Hungarian (Aujeszky's) strain of pseudorabies virus (PRV). He later 
concluded that swine were the source of infection for cattle and 
transmission occurred when infected swine contacted abraded skin lesions 
on cattle (23,24). 
Pseudorabies (PR) has become a common designation because the 
clinical disease often mimics the central nervous signs observed in 
rabies. Most countries other than the United States prefer the name 
Aujeszky's disease to pseudorabies. 
In the past several decades, there has been a change in the expres­
sion of Aujeszky's disease in the United States, with a more severe 
clinical syndrome similar to that in intensified swine raising areas 
of Europe. The increased virulence of Aujeszky's disease in the mid-
western United States is reflected in the number of infected herds con­
firmed in Iowa over the past several years. The reasons for increased 
virulence in the United States are unknown but importation of a foreign 
strain of virus, mutation of domestic viruses and the change to total 
confinement units which would present a large susceptible population 
of animals have been suggested as possibilities (25-28). This highly 
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virulent strain of PRV replicated to a much higher titer, but was 
antigenically similar to earlier isolates (29). 
The clinical disease of PRV is variable and subject to many factors 
such as dose, age, species and immune status of the host and strain of 
virus (26,30). The four major clinical forms of PR are the central 
nervous system (CNS), respiratory, genital and systemic forms. The CNS 
form is most commonly encountered and is usually associated with the 
other clinical forms. The clinical signs associated with the CNS form 
of PR range from ataxia to a comatose state. These changes have been 
reviewed extensively in the literature (10,13,14,24,26,31-39). 
Susceptibility to PR is age related (14) and mortality is common 
in pigs less than 3 weeks old (14,40). Mortality in older pigs is 
much lower (26,40). 
The methods of transmission of PRV have been reviewed by many 
authors (41-45). Rodents were considered to be a contributing factor 
in the spread of disease and were incriminated as a possible reservoir 
(30,44,45). AiT.ericari investigators have failed to demonstrate viral 
shedding from infected rodents in endemic areas (38). The importance 
of rodents in the epidemiology of PR is not completely understood. 
Based on histories of dogs and cats which had eaten rats several days 
before clinical signs appeared, ingestion of infected rodents has been 
suggested as a source of infection (31,46,47). Virus has been trans­
mitted from pigs to raccoons and from raccoons to pigs via contact 
exposure. Virus is shed in the saliva of infected raccoons (48). 
Swine are the only known species to transmit PRV to susceptible 
animals under natural conditions (24,30,42,43,49), though virus has 
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been demonstrated in the nasal membranes and nasal mucosa and saliva of 
infected cattle (38,50). in recent experimental studies, cattle 
intranasally infected with PRV failed to transmit virus to susceptible 
cattle (51). 
Hallmarks of herpesviruses are their ability to establish latent 
infections after initial infection of the host (52,53), their affinity 
for ganglionic tissues (54-56) and their capacity for producing recur­
rent infections (57-60). 
Nikitin (61) noted that swine, especially farrowing sows, that 
appeared to be fully recovered could be instrumental months later in 
introducing the disease to pigs on other farms. Kojnok (49) demon­
strated the persistence of PRV despite the presence of antibodies. 
This was later confirmed by other investigators (62), it was later 
shown that the coexistence of antibodies and virus is short-lasting 
and possible only when the antibody levels are low. 
While studying the epidemiology of naturally occurring PR in 
California, KowarLh (63) was convinced LhaL apparently healthy pigs 
could shed PRV and infect other pigs. He concluded that an important 
factor in the initiation of the virus release was climatic stress. 
Several investigators have failed to elicit the recrudescence of PRV 
from previously infected and fully recovered pigs after imposition of 
a variety of stresses which included the use of drugs (43,64). 
Recently, however, several groups of workers have reported experimental 
recrudescence in pigs which had been vaccinated and challenged with 
virulent virus and treated with adrenocorticotropic hormone (ACTH) and 
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dexamethasone or dexamethasone alone (52,65). In a recent report, the 
presence of latent PRV-DNA genome in the trigeminal ganglia of a PR 
recovered swine was described by Gutekunst (66). Gutekunst et al. (67) 
were able to isolate PRV from the trigeminal ganglia of a naturally 
infected sow after treatment with dexamethasone. The virus was iso­
lated from the trigeminal ganglia only. Simeonov (68) provided evidence 
that pigs clinically recovered from PR for 60 days could infect healthy 
contact pigs. He was able to detect virus in tonsillar suspensions of 
pigs slaughtered up to 4 months after recovery from clinical disease. 
Beran et al. (69) isolated PRV from the trigeminal ganglia and tonsils 
13 months after experimental inoculation of pigs. This is the longest 
period reported for the isolation of PRV after inoculation. Davies and 
Beran (70) detected spontaneous nasal viral shedding in a sow from the 
third to eighth day after farrowing. 
Pseudorabies has been implicated in cases of stillbirths, mummi­
fication and early fetal resorptions in pregnant sows (71-75). The 
virus has besa ccir„T.cnly isolated fron; aborted fetuses (22,76-78), pigs 
that died shortly after birth (79) and fetal placentas (22). The 
question has been raised as to whether PRV causes myoclonia congentia 
in neonatal pigs in a manner similar to that of hog cholera virus (80). 
Disease control problems associated with the introduction of new 
animals, especially boars, into herds presents a dilemma for the breeders 
and veterinarians. Because of this, artificial insemination is utilized 
more frequently as a economical method to introduce new genetic material 
into closed herds of swine. 
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The genital tracts are a natural route of entrance, persistence 
and excretion of numerous viruses in man (15) and in various other 
animal species (16-19). It has been demonstrated that boars are 
susceptible to infection when virus (picorna-, parvo-, adeno-, reo and 
enteroviruses) are inoculated in the preputial sac (81) or intra­
venously (82). It has been proven in the boar that the genital tract 
and secretions (semen) are able to excrete picornavirus (83) and parvo­
virus (84). 
Reproductive problems associated with PRV infection are a very 
important manifestation of the disease process. Reproductive failures 
are frequently encountered following PR outbreaks and are more deva­
stating than initial baby pig death losses (14,85). These reproductive 
problems vary in severity between different geographical regions. This 
observation may be a result of different strains of PRV in a particular 
location, the stage of gestation and the immune status of an infected 
sow (14,86). 
Kluge and Hare (22) have shown that experimental infection of 
pregnant gilts resulted in viral invasion of the uterus and placenta 
and typical fetal lesions. Csontos et al. (71) showed without question 
that abortion is a consequence of infection. It has been observed that 
after inoculation with PRV, sows were bred and farrowed normal pigs, yet 
remained carriers of PRV (74). 
Since Willet et al. (87) successfully transferred embryos, it 
has become an effective and commercially successful procedure for 
improving domestic livestock. Associated with the benefits derived 
through the use of embryo transfer is the risk of transmitting infec­
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tious disease to susceptible embryo recipients during the transfer 
procedure. Several viral infectious diseases have been shown to be 
transmitted via embryo transfer procedures (88-92). Recent studies 
indicate that embryos exposed to PRV can transmit virus to susceptible 
recipients (93). Currently, it is difficult to determine the potential 
hazard for recipients. The relationship between PRV and the porcine 
embryo needs further investigation. It is known that porcine parvovirus 
(88) is associated with only the outer surface of the zona pellucida of 
the embryo and can be removed or inactivated. At this time, the loca­
tion of PRV in association with the embryo is not known. If PRV is 
found to penetrate the zona pellucida, it would be difficult to destroy 
the virus without destroying the embryo. 
The male influence on conception rate and early embryonic mortality 
is an important factor in the reproductive efficiency of a livestock 
breeding herd. Boar movement has been implicated in the spread of PR 
in Europe, but no direct evidence of venereal transmission has been pre­
sented (94,95). 
Corner's (96) experiments in three week old piglets after intra­
muscular inoculation resulted in focal necrosis of the testis, tunica 
albuginea and serosa of the spermatic cord. Akkermans (97) recorded 
a single case of virus isolation from the preputial mucous membrane of 
a boar. Larsen et al. (98), Larsen (99) noted testicular degeneration 
without inflammation in one boar after experimental infection. He con­
cluded that neither the prepuce nor semen were a source of virus shedding. 
In the past, the inability to isolate PRV from boar semen may have 
been due to the cytotoxicity of the semen. Recently, investigators 
appear to have overcome the problem of cytotoxicity. Gueguen et al. 
(21) isolated virus from semen samples after boars were inoculated 
preputially. The excretion of virus seems to reflect a local and 
active proliferation since the virus was isolated from the last frac­
tions of the ejaculate collected eight days after experimental inocu­
lation. Recently, investigators (20) were able to isolate PRV from the 
semen of naturally infected boars. They were successful in three cases 
even though the boars were vaccinated against the disease. They also 
demonstrated that the vaccine strain was a different strain than the 
viral isolate. 
Although several workers have isolated various viruses from semen, 
few have recorded changes in the spermatozoa. Phillips et al. (83) 
observed that in semen which contained picornavirus the sperm were 
abnormally spiraled. As stated before, the response to PRV is dependent 
on viral dose. Larsen et al. (98) observed that one animal given a 
high dose of virus had above 5% abnormal sperm. The abnormality was 
the presence of the proximal cytoplasmic droplet. In several surveys, 
increased numbers of sperm with proximal cytoplasmic droplets have been 
associated with fertility disturbances in boars (100,101). These sur­
veys indicate that proximal droplet incidence, along with head shape 
abnormalities, appeared to be the most important morphological indi­
cators of reduced fertility. 
The distribution and extent of the gross lesions observed in swine 
infected with PRV depend on multiple factors which have been thoroughly 
discussed (23,31,36,37,73,102,103). The tissues most commonly involved 
are the central nervous system, tonsils, lungs, turbinates, liver. 
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spleen and regional lymph nodes. Other less commonly affected tissues 
include the adrenal gland, eye, oral mucosa, heart, intestine, placenta, 
uterus and testicle (10,26,31,75,78,94). The gross and microscopic 
lesions of the more commonly affected tissues such as central nervous 
system and respiratory system are not discussed here, but a detailed 
review can be found in works of Baskerville (43), Alva-Valdes (104) 
and other investigators (26,30,31,36,37,73,96,102,103,105-112). Lesions 
in the reproductive tracts are discussed here. Gross lesions in the 
reproductive tract of the boar are fairly uncommon; however, Corner (96) 
has reported focal testicular necrosis and Larsen et al. (98) noted testi­
cular degeneration in a boar. Dutch investigators have shown that after 
natural outbreaks of PR some boars developed subcutaneous edema of the 
scrotum (113). This is contradictory to observations in Taiwan (75) 
where during a PR outbreak boars from three herds had grossly normal 
testicles and epididymi. 
The microscopic lesions in the reproductive tracts of boars 
infected with PRV have been described as necrotic foci in testicular 
and other glandular tissues (96). Intranuclear inclusion bodies were 
observed in unspecified cells at the periphery of necrotic foci and 
in endothelial cells of blood vessels within the foci. The tunica 
albuginea and the serosa of the spermatic cord had necrotic foci. 
Gross lesions have been observed in Lhe uteri of pregnant sows 
infected with PRV. Kluge and Mare (22) observed that the uterine 
wall was edematous and was 2-3 cm thick, with a scant amount of viscous 
yellow-white exudate on the endometrium extending to the cervix. The 
uteri which contained macerated fetuses were reddish-brown in color 
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(114). Placental lesions have also been described in pregnant sows but 
viral isolation in some cases was not attempted (73,75). Some authors 
have found sporadic signs of maceration and drying up of fetal membranes 
and various degrees of autolysis in aborted fetuses (71,75,115). The 
lesions in aborted fetuses, neonatal and suckling pigs have been de­
scribed from field outbreaks (77,79) and from experimentally infected 
pigs (73,76,114,116). Tung et al. (74) noted multiple petechial hemor­
rhages heavily scattered in the skin of the skull, neck, sacral and 
thigh regions of aborted fetuses. These lesions were most frequently 
present in fetuses expelled in early and mid pregnancy. 
The microscopic placental lesions were characterized by coagula-
tive necrosis of the chorionic fossae and by the presence of intra­
nuclear inclusion bodies in degenerating trophoblasts and occasionally 
in mesenchymal cells (22,75). The chorionic mesenchyma was edematous 
and moderately infiltrated with mononuclear cells. The typical lesions 
of coagulative necrosis in aborted fetuses have been described by 
several workers (22,74,75.77). These lesions have been observed in many 
organs but most frequently they are encountered in the liver, spleen, 
visceral lymph nodes, adrenal glands and occasionally the lungs. 
Lesions in the fetal brain have not been described. Intranuclear 
inclusion bodies are commonly found in degenerated hepatocytes and in 
adrenal cortical cells at the periphery of necrotic foci. These foci 
usually have few associated inflammatory cells. Reticuloendothelial 
cells of the spleen and lymph nodes occasionally contain intranuclear 
inclusion bodies. The virions observed in the affected cells are 
13 
morphologically indistinguishable from herpesvirus when observed by 
electron microscopy (22,75). 
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This study was designed to determine the effects of experimental 
inoculation with Pseudorabies Virus (PRV) on the reproductive tracts of 
young adult boars. Eight uniform eight month old boars were assigned to 
two equal groups. The boars were administered PRV intranasally (IN) and 
intrapreputially (IP). Both groups were treated with ACTH for two days 
and dexamethasone intramuscularly for five days. All animals seroconverted 
after nasal or preputial inoculation. Semen abnormalities were observed 
21 days post-inoculation (PI) with partial recovery by 50 days PI. Virus 
was isolated from the preputial sheath of two IP inoculated boars 12 days 
PI. It was concluded that PRV infection can be established via preputial 
inoculation and that decreased spermatogenesis and infertility can result. 
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INTRODUCTION 
The male influence on conception rate and early embryonic mortality 
is an important factor in the reproductive efficiency of a breeding 
herd (1-3). The functions of the boars include provision of the male 
hormonal influence as well as other stimuli including semen production 
and insemination. 
The reproductive tracts of man and a variety of animal species 
are a natural route of entrance, latency and excretion of several 
viruses. The susceptibility of the porcine male reproductive tract to 
viral infections has been demonstrated by Phillips et al. (4). 
Numerous disease problems are associated with the introduction of new 
animals (especially boars) into herds. These problems have led to an 
increasing usage of artificial insemination. Estimates are that up to 
40-50% of breeding age boars are eliminated annually due to infertility 
(5). The reproductive failures occur in many forms and consequently 
are not easy to understand. 
In the past decade, Aujeszky's (pseudorabies) virus has caused a 
broad range of clinical syndromes. Reproductive disorders associated 
with pseudorabies and its possible venereal transmission have generated 
considerable interest. 
Many viruses found in domestic animals are reported to have been 
transmitted venereally (4,6-8). Investigators have isolated pathogenic 
viruses from semen in clinically normal animals (8-10). During the past 
decade, picornavirus and parvovirus have been isolated from semen in 
natural infections (4), adeno-, reo- and enteroviruses have been re-
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isolated after experimental infection of boars (11). Historically, 
various experimental and field observations have suggested that Pseudo-
rabies Virus (PRV) may be in boar semen. Investigators have noted 
testicular degeneration and necrotic foci (12,13) in the testicles of 
experimentally infected boars. One investigator observed scrotal edema 
in some naturally infected boars (14). 
Recently, some investigators apparently have overcome the obstacles 
which have prevented the isolation of PRV from boar semen. Gueguen and 
Aynaud (15) were able to reisolate virus from semen of boars after 
experimental inoculation in the prepuce. They felt that the excretion 
of virus reflected an increase in activity of virus in the prepuce, 
since virus was isolated in the last fractions of the ejaculate eight 
days after the experimental inoculation. Hungarian researchers (16) 
reported the first case of PRV isolation from semen of naturally 
infected boars. They demonstrated that the isolate was different 
from their vaccine strain. 
Larsen et al. (13) described the changes in the semen of boars 
experimentally infected with PRV. They observed an increase in numbers 
of proximal cytoplasmic droplets in sperm. Increased numbers of proxi­
mal cytoplasmic droplets have frequently been associated with infertility 
in boars (17,18). Based on several surveys, an increased incidence of 
proximal droplet and head shape abnormalities appear to be the most 
important morphological findings in reduced fertility. 
The three principal objectives of this study were: to determine 
the effects of PRV infection on the reproductive tract of boars after 
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intranasal (IN) and intrapreputial (IP) inoculations; to evaluate the 
semen morphology and to determine if the Iowa strain of PRV can be 
recovered from experimentally inoculated boars. 
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MATERIALS AND METHODS 
Eight uniform eight-month-old Yorkshire boars were obtained from 
a commercial supplier. The supplier's herd was determined to be free 
of pseudorabies by serological methods. After arrival, the boars were 
allowed a period of five days for acclimation. The boars were tested 
for pseudorabies antibodies using the microtitration serum neutraliza­
tion test (19). Housing consisted of total confinement in isolation 
units with concrete floors and automatic drinkers. The boars were fed 
2.1 kg of a commercially balanced diet, which met with the minimum 
National Research Council requirement for boar maintenance (20). 
Experimental design and viral inoculation 
The boars were assigned to two groups. A virulent Iowa (S-62) 
strain of PRV (21) was instilled either into the nasal cavity or the pre­
puce. Four boars received 2 ml of 1 x 10^ plaque forming units (PFU) per 
ml of virus which was forced deep into the nasal cavity by a sterile can­
nula and a one ml syringe. Five mis of the same inoculum were perfused 
into the preputial sheaths of the other four boars by use of a sterile 
5 ml syringe. The inoculum was then further spread in the preputial 
sheath by manual manipulation. 
A control ejaculation preceded inoculation with PRV. After inocu­
lation, the boars were electroejacuiated six more times, at weekly 
intervals for four times and subsequently at two week intervals. 
A chemical stress treatment followed the viral inoculation by 
50 days. On the first two treatment days, boars were given 375 lU 
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doses of ACTH^ intramuscularly. Simultaneously, intramuscular injec-
2 
tions of dexamethasone (37.5 mg) were given twice daily. On the follow­
ing three days, after ACTH treatment was discontinued, four daily doses 
of 75 mg of dexamethasone were given intramuscularly. 
Viral propagation 
A field isolate of a virulent Iowa strain of PRV at the 9th tissue 
culture passage containing 1.0 x 10^ PFU per ml was inoculated into a 
48 hour old monolayer of porcine kidney (PK15) cells. The cells were 
2 
contained in 150 cm tissue culture flasks. The virus was allowed to 
adsorb to the cells for 60 minutes at 37C in a 5% CO^ atmosphere. 
Following adsorption, the supernatant was removed and minimum essential 
medium (MEM) containing 2% fetal calf serum was added to the flask. 
The flask was reincubated until 90% of the cells developed cytopathic 
effect (CPE). The flask containing the virus was frozen and thawed 
twice at -70C and 37C, respectively. The cells and supernatant were then 
centrifuged at 1500 xg for 20 minutes in a refrigerated centrifuge. The 
supernatant was used as the infective virus. 
Semen evaluation (22) 
Semen was collected into prewarmed plastic-lined insulated bottles 
and the semen gel was removed by gauze pads as the semen entered the 
flask. From the total ejaculate, a sample was obtained for laboratory 
^D-M Pharmaceuticals, Inc., Rockville, Maryland. 
2 Schering Corporation, Kenilworth, New Jersey. 
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evaluation. Cover-slipped wet preparations of semen were utilized for 
mortality (live-dead) estimates and sperm cell concentration was deter­
mined by spectrophotometry at 525 nm in a 1 to 50 dilution with 2.9% 
sodium citrate (23). An aliquot of semen was negatively stained (eosin-
nigrosin)^ and smeared on a glass slide for morphologic evaluation. 
One hundred spermatozoa were randomly selected from the stained prepara­
tion and categorized as normal or abnormal morphology. Primary (serious) 
abnormalities involved abnormal heads or acrosomes, coiled tails and 
proximal cytoplasmic droplets. Secondary abnormalities were detached 
heads, bent tails and distal cytoplasmic droplets. 
Virus co-culture 
The technique used to demonstrate viral particles from the tri­
geminal ganglia was the same as described in a recent publication (24). 
3 Small sections of trigeminal ganglia measuring one mm were collected by 
the use of sterile scissors and forceps. The tissues were placed in 
2 ml of MEM containing 2% fetal calf serum and antibiotics. The tissue 
fragments were placed on a 6 well plate containing a monolayer of Madin 
Darby Bovine Kidney (MDBK) cells and on PK15 cells for 7 days. The cells 
were incubated at 37C in a 5% CO^ atmosphere. The nutrient medium was 
removed from these monolayers on day 1, 3 and 6 and was inoculated onto 
a 24 well plate containing cell monolayers of MDBK or PK15 cells respec­
tively. Fresh nutrient medium was used to replenish medium removed. The 
24 well plates were examined for 7 days for CPE. If no CPE was observed 
^Stain was provided by Society for Theriogenology (eosin-nigrosin), 
9th and Minnesota, Hastings, Nebraska. 
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the cell monolayers were freeze-thawed and centrifuged at a low speed 
centrifugation to remove cellular debris, the supernatant was inoculated 
onto a new 24 well plate of MDBK or PK15 cells. This procedure was 
repeated two more times over a 21 day period. 
The tissue fragments from the original monolayer were removed 
after 7 days and placed on a new set of 6 well plates. This procedure 
was repeated two more times over a 21 day period. The original cell 
monolayers were freeze-thawed once and were inoculated onto a new 24 well 
plate containing monolayers of MDBK or PK15 cells. These were examined 
for 7 days for CPE. If no CPE was observed this procedure was repeated 
once and examined for 7 more days. Fluorescent antibody tests were 
used to confirm PRV on cells showing herpesvirus CPE. Testicular tissue 
was examined in the same manner described above. 
Virus isolation from semen 
The technique used to demonstrate virus in the semen was the same 
as described by Kahrs et al. (25). Antitrypsin^ was added to fresh 
semen samples in a 1:1 ratio, then incubated for one hour at room 
temperature, and freeze-thawed three times at -70C. The semen was 
then centrifuged at 1500 xg for 15 minutes in a refrigerated centrifuge. 
The supernatants were used to inoculate PK15 cells. The cell cultures 
were observed for 7 days then carried through one blind passage and 
observed for 7 additional days. 
^Sigma Chemical Company, St. Louis, Missouri. 
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Virus isolation from nasal and preputial secretions 
Cotton swabs were utilized for swabbing of nasal cavity and pre­
putial membranes. After the swab was taken, it was immediately immersed 
in one ml sterile Earle's medium and frozen at -70C. Each sample was 
prepared for virus isolation by thoroughly mixing swab and medium and 
then wringing all liquid from the swab. The liquid was passed through a 
0.45 [Jm filter onto bovine turbinate cell monolayers and assessed daily 
for specific CPE for 7 days. All suspected isolates were passed one 
additional time to confirm that CPE was not due to toxicity. Fluores­
cent antibody tests were used as a confirmation test on all suspect 
isolates. 
Clinical signs 
Following inoculation the animals were observed for clinical signs. 
The rectal temperature was taken daily. 
Necropsy 
One boar each from the IN and IP inoculated groups was killed 9 days 
and 29 days post-inoculation (PI). Two additional animals, one from each 
group were killed 4 days and 20 days after treatment with ACTH and dexa-
methasone (54 days PI and 72 days PI respectively). Necropsies were per­
formed and gross lesions were recorded. All representative tissue sections 
were fixed in 10% neutral buffered formalin, except tissues from the 
reproductive tract which were fixed in Bouin's fixative. 
Histotechnique 
Tissues taken for histopathologic examination were: central 
nervous system - trigeminal ganglia, olfactory bulb, pituitary gland. 
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cerebral cortex, optic chiasma, pons, cerebellum, medulla, cervial 
spinal cord taken at the level of the 5th and 6th cervical vertebrae, 
thoracic spinal cord taken at the level of the 7th and 8th thoracic 
vertebrae and lumbar spinal cord taken at the level of the 4th and 5th 
lumbar vertebrae; reproductive system - the testicle, epididymis, seminal 
vesicles, prostate gland, bulbo-urethral gland, penis and preputial 
sheath. Other tissues taken were turbinates, tonsils, spleen, liver, 
kidney, heart and submandibular lymph nodes. 
Electron microscopy 
Utilizing the technique described by Halvorsen (26), selected 
sections from the hematoxylin and eosin stained sections were processed 




Body temperatures began to rise 5 days after viral inoculation. 
Each boar had a persistent temperature elevation in excess of 40.5C for 
at least 5 days. All the boars were depressed, anoretic, mildly ataxic 
and dyspenic during the 8 days following the initial temperature rise. 
On the 15th PI day, temperatures fell below 39C and remained below that 
level. One of the IN inoculated boars was killed 3 days following 
the first PI semen collection. The animal was dyspenic, sneezing and 
anoretic. It was reluctant to move even when handled. These changes 
were consistently observed in all the IN inoculated boars. Similarly, 
the IP inoculated boars were anoretic, dyspneic and sneezing. Two of 
them had an abnormal gait. Constipation was evident in both groups of 
boars during the febrile period. None of the boars died. 
Gross lesions 
Several of the boars had a mucopurulent nasal discharge and 
cloudy exudate which was tightly adherent to the nasal turbinates. The 
tonsils of one IN inoculated boar killed 9 days PI, contained multiple 
abscesses. Tonsillar abscesses were also present in 2 of the 4 IP 
inoculated boars, killed 9 days PI and 29 days PI. The lungs were 
edematous and congested in the IP inoculated boars as well as in the IN 
inoculated boars. The remainder of the viscera contained no gross lesions. 
The reproductive tracts were grossly normal in both groups of boars. 
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Virology 
Virus Isolation - PRV was isolated from the nasal passages of both 
groups of boars at least once after inoculation. Virus was isolated 
from the prepuces of 2 of the IP inoculated boars at 12 days PI. No 
virus was isolated from semen at any time during the experiment. 
Virus was isolated from the kidneys of 2 boars and from spleen of 
one IN inoculated boar. Virus was isolated from the brain of one of the 
IP inoculated boars. The remainder of the group was negative for virus 
isolation. 
Seroconversion - All inoculated animals developed serum neutraliza­
tion antibody titers against PRV. Maximum titers ranged from 1:4 to 1:64. 
Microscopic lesions 
Regardless of the route of viral inoculation, the major microscopic 
lesions were in the central nervous system. These lesions were invar­
iably a nonsuppurative meningoencephalitis and differed only in intensity 
and distribution. The lesions seen at 54 day PI and 72 days PI respec­
tively were less intensive than those observed earlier. Encephalitic 
lesions included perivascular cuffing (Figure 1 & 2) (composed of lympho­
cytes, plasma cells and histiocytes) scattered glial nodules (Figure 3), 
focal areas of malacia with edema and neuronal degeneration sometimes 
accompanied by satellitosis and neuronophagia. Lesions were always seen 
in the trigeminal ganglia and the cellular reaction in this site was con­
sistently more intense than in other areas of the brain. Trigeminal 
ganglionic changes included several areas of microgliosis with neuronophag 
of ganglion cells dispersed in a field of increased cellularity. In these 
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ganglionic sites, abundant lymphocytes and histiocytes were accompanied by 
a few neutrophils, eosinophils and plasma cells. In the trigeminal nerves, 
extensive demyelination and axonal swelling were consistently noted. In 
other encephalitic sites, marked pyknosis and karyorrhexis of nuclei in 
perivascular cuffs as well as in the glial nodules were frequently seen. 
Usually, encephalitic reactions were severe and eosinophilic intranuclear 
inclusion bodies were observed in glial and endothelial cells. 
Spinal cord lesions in the IP inoculated boars essentially were 
confined to the lumbar region where lympho-histiocytic perivascular cuffs 
were consistently seen 9 days PI. There was demyelination and axonal 
swelling in the lumbosacral plexus. None of the IN inoculated boars had 
spinal cord lesions. 
Every boar that developed nasal exudation had multifocal necrosis 
with infiltrating polymorphonuclear cells on the mucosa of the nasal 
turbinates. Some of these areas had lympho-plasmacytic aggregates. 
Intranuclear inclusion bodies were not observed. 
The lesions in the tonsils were characterized by coagulative 
necrosis involving the stratified squamous epithelium of the crypts 
with degeneration of the adjacent lymphoid follicles. The crypts con­
tained necrotic debris composed of desquamated epithelial cells, 
lymphocytes, plasma cells, neutrophils and eosinophils. Eosinophilic 
and basophilic intranuclear inclusion bodies were present (Figure 4). 
The eosinophilic intranuclear inclusion bodies were characterized by 
elongated acidophilic intranuclear bodies surrounded by a halo and mar-
gination of nuclear chromatin. This type of inclusion body was present 
only in stratified squamous epithelium which was still attached to the 
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crypt walls (Figure 5)- The basophilic inclusions were large homogenous 
masses of basophilic material which occupied the entire nucleus. This 
type of inclusion body was present in the desquamated epithelial cells 
in the necrotic debris. 
Lymph nodes and spleens from all boars had marked lymphocytic 
depletion. The lymph nodes were consistently edematous. One IN inocu­
lated boar had multifocal areas of coagulative necrosis throughout the 
cortices of the submandibular lymph nodes. 
Pulmonary lesions were characterized by moderate interstitial 
thickening due to the infiltration of monocuclear cells. Some 
alveoli were mildly to moderately edematous. The pulmonary capillaries 
were congested. Inclusion bodies were not observed. 
The reproductive tracts of IN inoculated boars were normal. By 
contrast, the reproductive tracts of IP inoculated boars (9 days PI and 
29 days PI) had multiple subepidermal lymphoid nodules in the prepuce and 
the glans penis. One IP inoculated boar (9 days PI) had multiple lympho-
histiocytic aggregates in the interstitium of the spermatic cord. No 
lesions were found in the testicles, epididymis, bulbo-urethral gland, 
prostate gland and seminal vesicles. 
Semen results 
The volume of semen varied over a wide range (12 ml to 105 ml), 
throughout the study, although each individual boar maintained a uniform 
volume from one ejaculate to the next. Pseudorabies virus did not have 
an effect on total sperm production. The first recognizable changes 
in sperm morphology were coiled and bent tails, which were observed in 
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3 of the IP and one IN inoculated boar 10 to 14 days PI. The more 
severe changes observed in the tails were noted 21 days PI (Table 1). 
Four boars (2 IP and 2 IN inoculated) had marked increase in the per­
centage of reversed, coiled and bent tails, and retained distal cyto­
plasmic droplets at this time. Head abnormalities were manifested 
4 weeks after inoculation (Table 2). The changes observed were knobbed 
(cystic acrosome), detached heads and double heads. The tail changes 
mentioned above also remained at this time. A few spheroids (tail-less 
spermatids) were present as well. Treatment with ACTH and dexamethasone 
did not have any notable effect on sperm morphology (Table 3). By the 
6th week, semen values were normal and the head and tail abnormalities 
had disappeared in all except one boar inoculated IP which still had 
minor tail defects. 
Electron microscopy 
Virus particles were not demonstrated in any of the selected 
sections from the hematoxylin and eosin stained sections. 
31 
DISCUSSION 
Neither the IN nor the IP inoculated boars excreted detectable PRV 
in their semen. All 8 boars seroconverted by 14 days after inoculation. 
Total viral dose given by IN or IP administration correlated with the 
intensity of clinical signs of an acute infection and the degree of 
changes in the semen of the boars. Investigators have compared clinical 
response to different dosages in 4 week-old pigs (27). In young pigs, 
the development of CNS signs was apparent even with small dosages (27). 
Respiratory distress and fever were observed with the increased incre­
ments of virus administered. No previous study has been done in mature 
boars to determine the specific relationship between dosage and clinical 
signs. In this study, ataxia was observed in several animals after IN 
and IP inoculation. The more severe respiratory signs were observed in 
the IN inoculated group. The lesions produced in the lungs by IN inocu­
lation have been extensively reviewed (28). The interstitial changes 
produced in the lungs of these animals were similar but less intense 
than those described by other authors (12,29,30). 
A higher dose was used for the IP inoculated boars to establish 
infection which was varified by seroconversion and isolation of virus 
from preputial swabs and brain. Pseudorabies virus was isolated from 
the kidney of one IN inoculated boar and from the spleen of another IN 
inoculated boar. These infected organs did not contain microscopic 
lesions. In both groups of boars, microscopic evidence of PR was 
characterized by a nonsuppurative meningoencephalitis and ganglioneur-
itis. Eosinophilic intranuclear inclusion bodies were present in 
32 
glial cells. One boar inoculated IN had multifocal areas of coagula-
tive necrosis in the tonsil and the submandibular lymph nodes. At the 
periphery of these necrotic lesions eosinophilic intranuclear inclusion 
bodies were observed in reticuloendothelial cells. 
The reproductive tracts of the IN inoculated group were normal. 
However, interstitial lympho-histiocytic aggregates were observed in 
the prepuces and spermatic cords of the IP inoculated boars. The IN 
inoculated boars did not have these lympho-histiocytic aggregates in 
there preputial sheaths. Virus was isolated from preputial swabs 12 days 
PI indicating that virus had replicated in that area. The initial changes 
observed in the semen were tail abnormalities which were first detected 
10-14 days PI. That change was attributed to elevated body temperature 
because the subsequently affected spermatozoa were in the seminiferous 
tubules at the time of the inoculation. Other investigators have demon­
strated that increasing testicular temperature to the level of the body 
temperature for only a few hours can cause infertility (31). The two 
samples taken prior to and during the initial temperature rise were not 
abnormal because mature spermatozoa in the epididymis are less sensitive 
to temperature elevation. The duration of infertility depends on the 
magnitude and duration of elevated testicular temperature (31). Sub­
sequent developing changes, head abnormalities and spheroids, indicate 
damage to the spermatocytes and Sertoli cells in the seminiferous 
tubules (32). Infertile boars have on the average a significantly 
higher incidence of droplets than do fertile boars. Indications from 
the current study suggest that production and maturation defects in the 
seminiferous tubules and epididymis prevent sperm cells from releasing 
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droplets. The inability to isolate PRV from the testicular tissues and 
semen may suggest that this virus does not cross the blood-testis bar­
rier. This finding differs from European (15,16) reports of viral iso­
lation from semen. Their finding may be due to differences of strain 
pathogenicity or contamination of semen with PRV from preputial secretions 
at the time of collection. 
The lesions present in the submandibular lyaph nodes suggest local 
viral proliferation, resulting in destruction of reticuloendothelial 
cells. Many of the necrotic foci are the result of lymphocytic necrosis 
due to the administration of immunosuppressant drugs. Steroids have 
been shown to result in lymphopenia and lympholysis in lymph nodes 
(33,34). The lack of isolation of virus from tissues other than those 
discussed, after steroid treatment, indicates the lack of virus or 
that virus was present in undetectable quantities, or that steroid 
treatment was unable to reactivate a latent infection. 
Figure 1. Encephalitic lesion of intranasally (IN) inoculated boar 
killed 29 days PI. Note focal areas of microglial nodules 
and perivascular cuffing. H.&E.X225 
Figure 2. Higher magnification of Figure 1. Note perivascular cuff 
composed of lymphocytes, plasma cells and histiocytes. 
The surrounding neuroparenchyma is malacic with reactive 
astrocytes and gitter cells present. H.&E.X640 
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Figure 3. Brain from intrapreputially (IP) inoculated boar 29 days 
PI. Note microglial nodule with vacuolization in the 
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Figure 4. Tonsil from intranasally inoculated boar 29 day PI. Note 
necrotic debris in the crypt lumen. Eosinophilic intra­
nuclear bodies are present in epithelial cells with raargi­
nation of chromatin (large arrow). Basophilic type inclu­
sion bodies are present in degenerated epithelial cells 
(small arrow). H.&E.XlOO 
Figure 5. Higher magnification of tonsil in Figure 4. Note the large 
eosinophilic intranuclear inclusion bodies surrounded by 
a halo with raargination of chromatin in the tonsillar crypt 




Table 1. Semen evaluation twenty-one days post-inoculation with pseudo-
rabies virus. Intranasal group numbers 76-79; intrapreputical 
group 80-83 
% % Total 
Boar Vol. % abnormal abnormal sperm 
no. ml. motile heads tails billion 
m 
76 25 70 5^ 5^ 10,000 
77 40 20 5^ 57 22,000 
79 26 20 5^ 33 9,100 
IP 
80 45 15 5^ 26 15,750 
81 15 5^ .b 72 3,750 
82 26 75 5b 5» 7,800 
83 12 15 5b 8 3,000 
^The most sensitive changes were observed in tail abnormalities. 
^Denotes true value is less than stated. 
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Table 2. Semen evaluation thirty-five days post-inoculation with 
pseudorabies virus 
% % Total 
Boar Vol. % abnormal abnormal sperm 
no. ml. motile heads tails billion 
m 
76 45 75 5^ 5^ 18,000 
77 35 10 34 41 13,125 
79 75 15 20 57 18,750 
IN 
80 65 55 5^ 43 14,625 
81 60 5^ 8 72 10,200 
82 55 75 5^ 5^ 6,875 
^Head abnormalities are present at this time. 
^Denotes true value is less than stated. 
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Table 3. Semen evaluation fifty-one days post-inoculation with 
pseudorabies virus and following ACTH and dexamethasone 
treatment 
% % Total 
Boar Vol. % abnormal abnormal sperm 
no. ml. motile heads tails billion 
IN 
76 24 35 5^ 6 4,200 
77 35 50 5^ 5^ 8,750 
79 20 20 5^ 5^ 3,000 
IP 
80 45 70 5^ 5^ 22,500 
81 22 20 5^ 13 2,750 
82 25 25 5^ 6 4,000 
^Head and tail abnormalities have diminished to near normal values. 
Steroid treatment did not have a noticeable effect on total sperm pro­
duction. 
^Denotes true value is less than stated. 
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Twenty pregnant gilts (45th day of gestation) were inoculated 
intranasally with pseudorabies virus and 8 open gilts were artificially 
inseminated with semen containing pseudorabies virus. 
Four of the intranasally inoculated gilts aborted 4, 10, 12 and 
15 days post-inoculation. Virus was isolated from the fetal membranes. 
None of the intrauterinely inoculated gilts aborted, lesions (inclusion 
bodies) were found in the tonsil, nasal turbinates and adrenal glands 
of two gilts from this group suggesting hematogenous and/or lymphatic 
spread of virus. 
49 
INTRODUCTION 
A variety of reproductive problems may be associated with pseudo-
rabies virus (PRV) infection. Evidence suggests that herds may experi­
ence prolonged reduction in reproductive efficiency although many herds 
seem to return to normal after the initial crisis has subsided. In 
various domestic animal species, the genital tracts are a natural route 
of entrance, persistence and excretion of numerous viruses (1-4). 
It has been demonstrated that experimental inoculation of pregnant 
gilts with PRV has resulted in viral invasion of the uterus and placenta 
(5). The reproductive failures associated with PRV are more devastating 
than baby pig losses commonly observed with the disease (6). 
Investigators have described gross and microscopic lesions observed 
in the reproductive tracts and aborted fetuses from pregnant gilts 
naturally and experimentally infected with PRV (7-8). It has been shown 
in pregnant gilts that PRV will affect the outcome of gestation (8,9, 
10). The purpose of this experiment was to induce abortion and infer­
tility in gilts infected with PRV via the intranasal (IN) route and with 
semen containing PRV intrauterinely (lU), to describe the pathogenesis 
and lesions observed and to establish if the reproductive tissues are 
latent sites of viral infections. 
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MATERIALS AND METHODS 
Twenty pregnant gilts (45th day of gestation) and 8 open gilts were 
purchased from a commercial source. Estrus was determined in the 8 open 
gilts on the basis of a series of gradual behavioral and physiologic signs. 
The signs included swelling and redness of the vulva and before being 
restrained in gestation crates, the gilts would try to mount and nuzzle 
other females. These gilts in estrus also had an immobile response to 
manual pressure applied to their backs. The source herd was free of 
serologic evidence of pseudorabies, parvovirus infection, leptospirosis 
and clinical evidence of atrophic rhinitis. The breeding dates of the 
pregnant gilts were known. All pigs were again tested for PRV antibodies 
using the microtitration serum neutralization test (11) before the start 
of the project. The animals were restrained in gestation crates in total 
confinement isolation units with concrete floors. 
The source herd served as a control group. There was and is no 
history reproductive problems in the source herd. The average litter 
size per filt is 14-15 pigs with a mortality rate of 0.40 per litter. 
The control herd is on continuous breeding cycle and there are usually a 
hundred or more animals' bred at any one time. 
Experimental design and viral inoculation 
The 20 pregnant gilts were divided into 2 equal groups of 10 and 
placed in separate rooms. They were IN exposed to 2 ml suspensions con­
taining 2 X 10^ plaque forming units (PFU) of a virulent Iowa strain 
(S-62) of PRV (5). The inoculum was placed deeply into the nasal cavity 
with the aid of a sterile cannula and syringe. The 8 open gilts were 
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artificially inseminated via a melrose spiret with 50 ml of semen inocu­
lated with 2 ml of 3.0 x 10^ PFU of PRV, for 2 successive days. 
Viral propagation 
A field isolate of the virulent Iowa strain of PRV at the 10th cell 
culture passage containing 1 x 10^ PFU per ml was inoculated onto a 48 
hour old monolayer of porcine kidney cells (PK15). The cells were con-
2 
tained in 150 cm tissue culture flasks. The virus was allowed to 
adsorb for 60 minutes at 37C in a 5% CO^ atmosphere. Following adsorption, 
the supernatant was removed and minimum essential medium (MEM) containing 
27o fetal calf serum was added. After 90% of the cells developed cytopathic 
effect (CPE), the flask containing virus was frozen and thawed twice at 
-70C and 37C respectively. The cells and supernatant were centrifuged at 
1500 xg for 20 minutes in a refrigerated centrifuge. The supernatant was 
used as the infective virus. 
Virus isolation 
The method used to demonstrate viral particles in tissues is the 
same as that described in a recent publication for the isolation of 
virus from the trigeminal ganglia (12). Small sections of tissues 
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measuring one mm were collected by the use of sterile scissors and 
forceps. The tissues were placed in 2 mis of MEM containing 2% fetal 
calf serum and antibiotics. The tissue fragments were placed on a 6 well 
plate containing a monolayer of Madin Darby Bovine Kidney (MDBK) cells 
and on PK15 cells for 7 days. The cells were incubated at 37C in a 5% 
CO^ atmosphere. The nutrient medium was removed from these monolayers 
on day 1, 3 and 6 and was inoculated onto a 24 well plate containing cell 
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monolayers of MDBK or PK15 cells respectively. Fresh nutrient medium was 
added at these intervals. The 24 well plates were examined for 7 days 
for CPE. If no CPE was observed the cell monolayers were freeze-thawed 
and centrifuged at a low speed centrifugation to remove cellular debris, 
the supernatant was inoculated onto a new 24 well plate of MDBK or PK15 
cells. This procedure was repeated 2 more times over a 21 day period. 
The tissue fragments from the original monolayer were removed after 
7 days and placed on a new set of 6 well plates. This procedure was 
repeated 2 more times over a 21 day period. The original cell mono­
layers were freeze-thawed once and were inoculated onto a new 24 well 
plate containing monolayers of MDBK or PK15 cells. These were examined 
for 7 days for CPE. If no CPE was observed, this procedure was repeated 
once and examined for 7 more days. Fluorescent antibody tests (FAT) 
were used to confirm PRV on cells showing herpesvirus CPE. Tissues 
taken for viral isolation were the brain, uterus, placenta, tonsil, cer­
vix, vagina, ovary and spleen. Cotton swabs were utilized for swabbing 
of nasal cavity and the vagina of post-parturient gilts for a period of 
two weeks. After the swab was taken, it was immediately immersed in one 
ml sterile Earle's medium and frozen at -70C. Each sample was prepared 
for virus isolation by throughly mixing swab and medium and then wringing 
all liquid from the swab. The liquid was passed through a 0.45 pm filter 
onto a bovine turbinate cell monolayer and assessed daily for specific 
CPE for 7 days. All suspected isolates were passed one additional time 
to confirm that CPE was not due to toxicity. Fluorescent antibody tests 
were used as a conformation test on all suspect isolates. 
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Clinical signs 
Following exposure to PRV the gilts were observed for clinical 
signs daily. Rectal temperatures were taken and recorded daily. 
Necropsy 
Necropsies were performed and gross lesions were recorded. All 
representative tissue sections were fixed in 10% neutral buffered 
formalin, except tissues taken from the reproductive tract which were 
fixed in Bouin's fixative. Routine bacterial cultures were preformed 
on lung tissues containing abscesses. 
Histotechnique 
Tissues taken for microscopic examination were: 1) Central nervous 
system - trigeminal ganglia, olfactory lobe, pituitary gland, cerebral 
cortex, cerebellum, pons, medulla, cervical spinal cord taken at the 
level of the 5th & 6th cervical vertebrae, thoracic spinal cord taken 
at the level of the 7th & 8th thoracic vertebrae and lumbar spinal cord 
Laken at the level of the 4th & 5th lumbar vetebrae: 2) Reproductive 
system - ovaries, uterus, uterine tubes, vagina, placenta and fetal 
membrane. Fetal tissues included the liver, spleen, lung and brain. 
Electron microscopy 
Utilizing the techniques described by Halvorsen (13), selected 
sections from the hematoxylin and eosin stained sections were processed 
for electron microscopy to demonstrate the presence of virus particles. 
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RESULTS 
The 20 pregnant gilts inoculated IN and the 8 gilts artificially 
inseminated with virus-inoculated semen had body temperatures that 
became elevated 8 days post-inoculation (PI). The body temperatures in 
all these animals were in excess of 40.5C and remained elevated for 4 days 
after the initial temperature rise. 
All of these pigs were depressed, anorectic, reluctant to move 
and when forced to move they were ataxic. Six IN inoculated gilts had 
signs of respiratory distress, which included sneezing, labored breathing 
and coughing. 
In the IN infected group, 4 gilts aborted 4, 10, 12 and 15 days 
PI. Two of the gilts died following abortion. The other 2 gilts were 
killed and necropsied after aborting. One gilt from this IN inoculated 
group died 13 days PI without aborting. The remainder of these gilts 
went to term and farrowed normal litters. 
In the lU inoculated group, none of the gilts aborted. One gilt 
from this group was found dead 10 days PI. One other gilt developed a 
vaginal infection and was determined by examination not to be pregnant 
and was removed from the study. The remaining gilts in this group went 
to term and farrowed normal litters. 
Gross lesions 
The gross lesions consisted of a mucopurulent nasal discharge with 
a thick mucoid exudate present on the nasal turbinates in both groups of 
gilts. The tonsils of several animals from both groups contained mul­
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tiple small abscesses (0.5 cm in diameter) scattered over the surface. 
The epiglottis and trachea of one of the gilts inoculated IN was covered 
with a thick yellow fibrinopurulent exudate, which was tightly adhered 
to the mucosa. The underlying mucosa was ulcerated, hemorrhagic and 
hyperemic. The cranial ventral lobes of the lungs of this animal were 
consolidated. These consolidated lobes were dark red and covered with 
a thick layer of fibrin which adhered to the pleural surface of the 
thoracic wall. On sectioning, the interlobular septa were distended 
with edema fluid and purulent exudate could be squeezed from the 
bronchioles. Pasteurella multocida and corynebacterium pyogenes were 
isolated from pulmonary lesions. The bronchial lymph nodes were enlarged, 
edematous and hyperemic. 
The uterine walls from the IN inoculated gilts that aborted were 
hyperemic and edematous. There was a small amount of yellowish-white 
exudate on the endometrium. The IN inoculated gilts that aborted 4, 
10, 12 and 15 days PI passed 3, 3, 6 and 8 fetuses, respectively. 
Several fetuses were small and rsacerated. The fetal menr-branes '.;ere 
hyperemic, hemorrhagic and autolytic. The uterus of one of the lU 
inoculated gilts contained a yellowish purulent exudate on the mucosal 
surface. The submucosa was edematous and hyperemic. 
Gross lesions were not visible in any of the other organ systems 
of either group of gilts, or in the fetal tissues. 
Virology 
All gilts (20/20) and (8/8) from both groups seroconverted; titers 
ranged from 1:4 to 1:32. Tonsils of 2 animals from the IN inoculated 
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group were positive on FAT. The uterus, ovary, fetal membranes, fetal 
liver and fetal spleen as well as vaginal and nasal swabs from one of 
these gilts were positive on virus isolation (VI) and FAT (Table 1). 
The remaining IN inoculated gilt's tissues, fetal membranes, vaginal 
swabs and nasal swabs were negative on VI and FAT for PRV and parvovirus. 
Two out of the eight lU inoculated gilts had positive results on VI 
and FAT tests for PRV 9 days PI. In gilt 2 the vagina, ovary, cervix 
and tonsils were VI positive, while the tonsil was FAT positive and the 
other tissues were FAT negative. The other gilt's brain, spleen and 
tonsils were VI positive and the tonsil was FAT positive (Table 2). 
The reproductive tissues from this gilt were negative on VI and FAT. 
Reproductive tissues, brain, spleen, tonsils and fetal tissue from the 
remaining gilts inoculated lU were negative on VI and FAT for PRV. 
Microscopic lesions 
The major microscopic changes were observed in the central nervous, 
respiratory and reticuloendothelial systems. There were minimal changes 
observed in the reproductive system. One IN inoculated animal had exten­
sive lesions in the epiglottis and trachea. 
Reproductive system lesions were limited to the vagina, uterus and 
aborted fetal membranes. The change observed in the vagina and uterus 
consisted of multifocal aggregations of lympho-histiocytic cells in the 
submucosa. The aborted fetal placentas were characterized by necrosis of 
the chorionic fossae. Inclusion bodies were observed in the aborted 
placenta of one IN inoculated gilt. The inclusions were eosinophilic and 
completely filled the nucleus of degenerating trophoblasts and mesenchymal 
cells of the placenta (Figures 1 and 2). 
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The central nervous system (CNS) was characterized by a nonsup-
purtive meningoencephalitis and ganglioneuritis. Within the CNS, there 
were areas of demyelination, malacia and glial nodules. Neuronal 
changes were characterized by neuronophagia and perineuronal gliosis. 
In some areas of the neuroparenchyma, microglial cells filled neuronal 
spaces. Perivascular cuffs composed of lymphocytes, plasma cells, 
histiocytes and eosinophils filled Virchow-Robins space. These cuffs 
varied in thickness within areas of the CNS and were thicker and more 
prominent in the brain stem. Trigeminal ganglia lesions were similar, 
but more extensive and intensive than those in the neuroparenchyma. 
Neuronophagia was much more commonly observed and many neuronal spaces 
were filled with microglial cells and histiocytes. There was demyertna-
tion, axonal swelling and the formation of myelin and axonal balls. 
The margination of chromatin around the periphery of the nuclear membrane 
of some microglial cells was suggestive of viral activity. Inclusion 
bodies were not observed within the ganglia. Microscopic changes were not 
observed in spinal cords sections. 
Several gilts from both the IN (6/20) and lU (2/8) inoculated groups 
had multiple tonsillar crypt abscesses composed of degenerative neutrophils, 
sloughed stratified squamous epithelial cells and necrotic debris. Eosino­
philic intranuclear inclusion bodies were observed in the stratified 
squamous epithelium lining tonsillar crypts (Figure 3). Tonsillar crypt 
epithelial cells contained viral particles which resembled herpesvirus. 
There was extensive necrosis with the accumulation of necrotic debris 
on the mucosa of the nasal turbinates of several gilts of both groups. 
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These were squamous metaplasia of the mucosal surface adjacent to the 
necrotic ulcerated areas and eosinophilic intranuclear inclusion bodies 
were observed in epithelial cells. The necrosis and exudation extended 
into the submucosal glands. These submucosal glands contained eosino­
philic intranuclear inclusion bodies (Figure 4). Intranuclear inclusion 
bodies were also present in the endothelial cells of small arterioles 
and lymphatic vessels and some arterioles contained fibrin thrombi. The 
submucosa surrounding these vessels was edematous and contained neutro­
phils, macrophages and a few lymphocytes and plasma cells. 
In both groups of animals, the lymph nodes contained multiple areas 
of coagulative necrosis which surrounded and involved germinal follicles. 
Margination of chromatin to the periphery of nuclei in reticuloendothelial 
cells was suggestive of viral activity. Eosinophilic intranuclear 
inclusion bodies were present in many reticuloendothelial cells in the 
necrotic areas. One pregnant gilt inoculated IN had extensive ulcera­
tion and necrosis of the mucosal surface of the epiglottis. The sub­
mucosa contained neutrophils, macrophages and fibrin. Some venules in 
the submucosa contained fibrin thrombi. Inclusion bodies were not ob­
served in the epiglottis. 
The lung sections were characterized by diffuse interstitial 
thickening as a result of the infiltration of mononuclear cells. 
Several pregnant gilts, that were inoculated IN, had a diffuse fibrino-
purulent bronchopneumonia. The alveoli contained homogenous eosino­
philic material, fibrin, macrophages, lymphocytes, plasma cells, neutro­
phils and necrotic debris. The same cellular infiltrations were present 
in the bronchi and bronchioles. Dispersement of chromatin in the nuclei 
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of macrophages was suggestive of viral activity but inclusion bodies were 
not observed. 
The adrenal gland of one lU inoculated gilt contained focal areas 
of coagulative necrosis in the zona fasciculata. The necrotic cells 
contained eosinophilic intranuclear inclusion bodies that filled the 
nuclei (Figures 5 and 6). 
In both groups of gilts, the other organ systems did not contain 
microscopic lesions. 
Electron microscopy 
Virus particles were demonstrated in some of the selected sections 
from the hematoxylin and eosin stained sections. Virus particles were 
seen in the nucleus of degenerating cytotrophoblastic cells of the 
placenta of an IN inoculated gilt (Figure 7). Similar viral particles 
were seen in the nuclei of adrenal cortical cells of an lU inoculated 
gilt (Figure 8). Virus was present only in those cells which had eosino­
philic inclusion bodies. Mature virions were present outside the nucleus 
and incomplete (hollow) nonenveloped nucleocapsids were present in the 
nucleus (Figure 8). 
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DISCUSSION 
All the pregnant gilts inoculated IN and the artificially insemi­
nated gilts (lU) in this study had evidence of pseudorabies. Both groups 
seroconverted by 9 days PI. Previous studies have indicated that sero­
conversion for PRV occurs 7 or more days PI (11,14). 
Pseudorabies virus was isolated from the aborted fetuses from 2 of 
the IN inoculated gilts. Virus was isolated from the fetal membranes 
and fetal liver however lesions were not observed in the fetal liver. 
Isolation of PRV from the placenta and fetus is evidence that this strain 
of PRV does cross the placental barrier. Other authors (5,6,8,15,) 
have indicated that PRV isolated in the midwestern USA has the ability 
to cross the placenta and our findings are in agreement. As with many 
viral diseases fetal death and abortion may be a result of selective 
destruction of vital cells or tissues, but in studies of many fatal 
virus infections no specific damage to vital organs can be demonstrated 
(16). Necrotic placentitis was observed in the aborted placentas. 
Because of the extensive inflammation and necrosis separation of the 
trophoblastic cells from the endometrium is the most likely cause of 
abortion in these animals. Numerous herpesviral particles were ob­
served in the degenerating trophoblasts by electron microscopy. This 
finding indicates that the destruction of the placenta was primarily 
due to PRV. Although none of the artificially inseminated lU inoculated 
gilts aborted, virus was isolated from reproductive tissues (vagina, 
ovary and cervix) of one gilt and intranuclear inclusion bodies were ob­
served in the tonsils, nasal turbinates and adrenal gland. The isola-
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tion of PRV from the reproductive tract indicates that virus can repli­
cate in the area and may be a site of secretion and passage to boars 
during copulation. The presence of intranuclear inclusion bodies in the 
tonsils, adrenal glands, nasal turbinates and associated vessel endothe­
lium suggests that virus introduced into the uterus spreads into the 
underlying lymphatics. Failure to abort in the lU inoculated gilts may 
be attributed to many factors such as the establishment of a level of 
immunity that resulted in viral uptake, but failure to produce active 
inflammation at the time of hatching, loss of zona pellucida, of the 
zygote. The placental lesions and lesions observed in the uteri of the 
IN inoculated pregnant gilts have been described previously (5,8,17). 
In the gilts that had a purulent bronchiopneumonia, other than the lack 
of inclusion bodies, the lung lesions were similar to those in previous 
reports (7,18). 
The CNS and respiratory system lesions found in the animals in this 
study are in agreement with findings by other authors (11,19-22). 
Since virus v;as isolated from the reproductive tissue, vaginal and 
nasal swabs, it would not be advisable to introduce sows or gilts which 
had previously been exposed to PRV, to susceptible boars or pregnant 
sows. Investigators (23) have demonstrated spontaneous shedding of PRV 
in a sow after farrowing; however, nasal and vaginal swabs taken post-
parturient were negative for PRV which indicates that spontaneous 
shedding of virus does not always occur. The gilts that farrowed in 
this study produced normal litters. 
Figure 1. Fetal membrane from gilt IN inoculated which aborted 12 
days PI. Note necrosis of the chorionic fossae and 
degeneration of the cytotrophoblasts. H.&E.XIOO 
Figure 2. Higher magnification of Figure 1. Note the eosinophilic 
intranuclear inclusion in the degenerated cytotrophoblasts 
with margination of chromatin (arrows). PRV was isolated 
from this tissue. H.&E.X640 

Figure 3. Tonsil from gilt IN inoculated. Note eosinophilic intra­
nuclear inclusion bodies in stratified squamous 
epithelial cells with margination of chromatin (large 
arrow) and basophilic intranuclear inclusion bodies which 
filled degenerated squamous epithelial cells (small arrow). 
H.&E.X640 
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Figure 4. Nasal tubrinate of gilt IN inoculated 12 days PI. 
There is extensive necrosis of the submucosa. 
The submucosal epithelial cells contain eosinophilic 
intranuclear inclusion bodies with margination of 
chromatin (arrow). H.&E.X640 
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Figure 5. Adrenal gland of a gilt lU inoculated. Note the focal 
area of coagulative necrosis present in the adrenal 
cortex. H.&E.X225 
Figure 6. Adrenal gland, higher magnification of Figure 5. Note 
eosinophilic intranuclear inclusion bodies in adrenal 
cortical cells with margination of chromatin (arrows). 
There is degeneration with pyknosis of nuclei in some 
cortical cells. H.&E.X640 

Figure 7. Fetal membrane from gilt IN inoculated that aborted 
12 days PI. Electron micrograph taken from hematoxylin 
and eosin stained section. Note dispersment of nuclear 
chromatin in a cytotrophoblast. Mature virions are 
present in the nucleus and cytoplasm. 
\L  
Figure 8. Adrenal gland from gilt lU inoculated. Electron 
micrograph is from a hematoxylin and eosin stained section. 
Note incomplete (hollow) nonenveloped nucleocapsids in a 
crystalline formation in the nucleus of the adrenal cortical 
cell. The chromatin is marginated. Complete (dark-staining) 
enveloped nucleocapsids are present in the cytoplasm (arrow) 
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Table 1. Intranasal (IN) inoculated gilt^ killed 12 day PI 
Tissue FAT^ VI*^ SN'^  
Blood NT® NT + 
Vaginal swabs + + 
Nasal swabs + + 
Fetal tissues 
(liver & spleen) + + 
Brain NT -
Uterus NT + 
Ovary + + 
Tonsil + NT 
Placenta NT + 
aAnimal aborted 6 fetuses on day 12 PI. 






Table 2. latrauterinely (lU) inoculated gilts^ 
Tissue FAT^ VI ^ 
Gilt 1 
Blood 
Tonsil + + 
Spleen - + 







Tonsil + + 
Spleen 
Brain 
Ova ry - + 
Cervix + + 
Vagina + + 
Fetal tissues 
^Intrauterinely (lU) inoculated gilts - 9 days post-inoculation 
(PI). Abortions did not occur in this group. 
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Ten pregnant gilts were inoculated intranasally (IN) with pseudo-
rabies virus (PRV) on the 45th day of gestation. Four gilts aborted 
6-12 days post inoculation (PI). All animals had temperatures above 
40.5C at the time of abortion. 
Virus was isolated from the trigeminal ganglia, spleen, lungs, 
uterus and fetal membranes. The placenta from one aborted gilt con­




The reproductive failures following some pseudorabies (PR) out­
breaks have been more devastating than the initial baby pig death loss. 
Pseudorabies virus (PRV) infection in pregnant swine can mimic the 
clinical signs attributed to swine enteroviruses. 
In Europe, PR has been recognized as a cause of early embryo 
mortality. Reproductive failures in pregnant sows and gilts exposed 
to PRV are commonly manifested as stillbirths, fetal resorption, fetal 
mummification and abortion (1,2). These problems cause serious economic 
losses to the pig industry and may be confused with similar reproductive 
problems caused by nutritional disturbances, toxicoses and specific 
bacterial and viral pathogens. 
Reproductive failure has been observed following natural porcine 
parvovirus infection of pregnant gilts (3,4). Parvovirus crosses the 
placenta of susceptible pregnant sows at certain stages of gestation 
(5,6). Abortion is not a common sequel to porcine parvovirus infection 
but mummification is without doubt the major result of porcine parvovirus 
infection (7). 
Abortion has been shown without question to be one of the conse­
quences of PR infection (2). Workers have shown that inoculation of 
pregnant gilts with PRV may result in viral invasion of the uterus and 
cause placenta and fetal lesions (8,9). Pseudorabies virus has been iso­
lated from aborted fetuses (9,10-12) and from the placenta (10). Pseudo­
rabies infection of pregnant gilts will affect the outcome of gestation 
(10,11,13,14). 
82 
The influence of ambient temperature on reproduction has caused con­
cern. Studies have shown that elevated ambient temperature of 30C or 
higher increased stillbirth rates and caused increased embryonic mortal­
ity (15-17). The elevated body temperature observed during PRV infection 
may be the cause of many abortions when virus is not isolated from the 
fetus. 
The purpose of this experiment was to study the effects of PRV on 
the reproductive system of pregnant gilts. 
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MATERIALS AND METHODS 
Animals and housing 
A group of 10 pregnant gilts (40th day of gestation) was purchased 
from a commercial source. The source herd was free of serologic evidence 
of PR, parvovirus infection, leptospirosis, transmissible gastroenteri­
tis and clinical evidence of atrophic rhinitis. Breeding dates of all 
gilts were known. All pigs were tested for PRV antibody using the 
microtitration serum neutralization test (18) before the start of the 
experiment. Housing consisted of total confinement in isolation units 
with concrete floors and automatic drinkers. Five gilts were placed in 
each of 2 separate isolation rooms. A commercial balanced ration was 
fed to all the gilts. 
The source herd served as a control group. The control herd is on 
a continuous breeding cycle and their are usually a hundred or more 
animals bred. There is no history of reproduction problems in the 
control herd. The average litter size per gilt in 14-15 pigs with a 
mortality rate of .40 per litter. 
Viral propagation 
A virulent Iowa strain of PRV (isolated from aborted fetal tissues) 
at the tenth cell culture passage containing 1 x 10^ plaque forming units 
(PFU) per ml was inoculated into a 48 hour old monolayer of porcine 
2 kidney cells (PK15). The cells were contained in 150 cm tissue culture 
flasks. The virus was allowed to adsorb to the cells for 60 minutes at 
37C in a 5% CO^ atmosphere. Following adsorption, the supernatant was 
removed and minimum essential medium (MEM) containing 2% fetal calf serum 
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was added to the flask. The flask was reincubated until 90% of the cells 
developed cytopathic effect (CPE). The flask containing virus was frozen 
and thawed twice at -70C and 37C respectively. The cells and supernatant 
were then centrifuged at 1500 xg for 20 minutes in a refrigerated centri­
fuge. The supernatant was used as the infective virus. 
Experimental design and exposure 
Gilts were administered 5 mis of 10^ PFU of a virulent Iowa strain 
(S-62) of PRV (8) intranasally (IN). The inoculum was placed deeply into 
the nasal cavity with the aid of a sterile cannula and syringe. 
Viral isolation 
The technique used to demonstrate viral particles from tissues 
was the same as that described in a recent publication for the isola­
tion of virus from the trigeminal ganglia (19). Small sections of 
3 tissues measuring one mm were collected by the use of sterile scissors 
and forceps. The tissues were placed in 2 ml of MEM containing 2% fetal 
calf serum and antibiotics. The tissue fragments were placed on a ô 
well plate containing a monolayer of Madin Darby Bovine Kidney (MDBK) 
cells and on porcine kidney (PK15) cells for 7 days. The cells were 
incubated at 37C in a 5% CO^ atmosphere. The nutrient medium was removed 
from these monolayers on day 1, 3 and 6 and was inoculated onto a 24 
well plate containing cell monolayers of riDBK or PK15 cells respectively. 
Fresh nutrient medium was added at these intervals. The 24 well plates 
were examined for 7 days for cytopathic effect (CPE). If no CPE was 
observed the cell monolayers were freeze-thawed and centrifuged at a 
low speed centrifugation to remove cellular debris, the supernatant was 
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inoculated onto a new 24 well plate of MDBK or PK15 cells. This procedure 
was repeated 2 more times over a 21 day period. 
The tissue fragments from the original monolayer were removed after 
7 days and placed on a new set of 6 well plates. This procedure was 
repeated 2 more times over a 21 day period. The original cell monolayers 
were freeze-thawed once and were inoculated onto a new 24 well plate con­
taining monolayers of MDBK or PK15 cells. These were examined for 7 
days for CPE. If no CPE was observed this procedure was repeated once 
and examined for 7 more days. Fluorescent antibody tests (FAT) were 
used to confirm PRV on cells showing herpesvirus CPE. Tissues taken for 
viral isolation were the uterus, lung, ovary, placenta, brain and spleen. 
Clinical signs 
Following exposure of the gilts to PRV, the animals were observed 
for clinical signs. Rectal temperatures were taken and recorded daily. 
Several gilts were killed after they aborted; the remaining gilts were 
killed after their temperatures returned to normal limits. 
Necropsy 
Necropsies were performed and gross lesions were recorded. All 
representative tissue sections were fixed in 10% neutral buffered formalin, 
except tissues from the reproductive tract which were fixed in Bouin's 
fixative. 
Histotechnique 
Tissues taken for histopathologic examination were: 1) central 
nervous system - trigeminal ganglia, olfactory lobe, pituitary gland. 
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cerebral cortex, cerebellum, pons, medulla, cervical spinal cord at the 
level of the 5th and 6th cervical vertebrae, thoracic spinal cord at the 
level of the 7th and 8th thoracic vertbrae and lumbar spinal cord at the 
level of the 4th and 5th lumbar vetebrae; 2) reproductive system - ovaries, 
uterus, uterine tubes, vagina and placenta. 
Other tissues taken were: turbinate, tonsil, lung, liver, spleen, 
adrenal gland and kidney. 
Electron microscopy 
Tissues taken for electron microscopy were placed in 2.5% gluta-
raldehyde in 0.1 M Sorensen's buffer and part fixed in 1% Osmium tetrox-
ide. The tissues were then dehydrated in an ascending alcohol series 
and infiltrated and embedded in epon 812. The tissues were thick sec­
tioned on a glass knife and stained with 1% Toluidine blue in 1% aqueous 
Na borate. Sectioning was done on a 1KB ultratome.^ The sections 
were stained with 2% Methanol uranyl acetate and Reynold's lead citrate 
(20). This procedure was done on specimens of uterus, fetal membrane, 
liver and lung. 
Utilizing the technique described by Halvorsen (21), selected 
sections from the hematoxylin and eosin stained sections were processed 
2 for electron microscopy to demonstrate the presence of viral particles. 
^LKB Instruments, Inc. Caithersburg, MD. 
2 Hitachi Scientific Instruments. Lambard, 111. 
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RESULTS 
Four of the 10 pregnant gilts aborted 6 to 12 days post-inoculation 
(PI). All gilts seroconverted except the one gilt that was killed 6 days 
PI. This gilt was seronegative for PRV antibodies. Body temperatures 
became elevated in all the gilts 3 days PI and remained elevated for 5 to 
10 days in some animals. All the animals temperatures were in excess of 
40.5C. 
The gilts were depressed, anoretic, constipated and reluctant to 
move. Vomitus was noted in the pens on the floor. Central nervous 
system (CNS) signs were characterized by ataxia, head tilt and stag­
gering gait. Several gilts had signs of severe respiratory distress, 
which included labored breathing, coughing and sneezing. Four of the 
gilts aborted on days 6, 8, 9 and 12 days PI. 
Gross lesions 
In the four gilts that aborted a mucopurulent nasal discharge and 
exudate present on the nasal turbinates. The tonsils in some animals 
contained multiple small abscesses. Mucosae of the epiglottis and trachea 
were covered with thick yellow, fibrinopurulent exudate (Figure 1). The 
underlying mucosa was hyperemic, hemorrhagic and ulcerated. The lungs 
had multiple abscesses and cranial ventral consolidation. Pasteurella 
multocida was isolated from these abscesses. The consolidated areas 
were dark red, raised and contained a thick layer of fibrin on the 
pleural surface (Figure 2). On section, the interlobular septa were 
edematous and purulent exudate could be squeezed from the bronchioles. 
The uterine walls from the gilts that aborted were 1-2 cm thick and 
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edematous. There was a moderate amount of viscous yellow-white exudate 
on the endometrium and the cervical plug was absent (Figure 3). The 
aborted fetuses found were macerated; the fetal membranes were hyperemic, 
hemorrhagic and autolytic. 
Gross lesions were not visible in any of the other organ systems 
of the gilts. 
Virology 
The gilt killed 6 days PI was seronegative for PRV. The tonsils 
and trigeminal ganglia were positive by FAT and the spleen, brain and 
ovaries were positive on virus isolation (VI) (Table 1). The placenta 
and fetal tissues were negative on both FAT and VI. Serum titers of 
the remaining 9 animals ranged from 1:8 to 1:64. The lungs of 3 animals 
were positive on FAT and VI. In 2 of these animals, the brains were 
positive on VI and the spleen of one of these animals was positive on 
VI (Table 1). In the gilt killed 12 days PI, the placenta and 
uterus were positive on VI (Table 1). The tissue from the remaining 
6 gilts were negative on both FAT and VI (Table 5). 
Histopathology 
The body systems which contained the major microscopic changes 
were the central nervous, respiratory and reproductive systems. One 
animal had lesions on the epiglottis. 
Reproductive system lesions were observed in the uterus, ovaries, 
fetal membranes and uterine lymph nodes. The uterine lesions were pur­
ulent necrotic endometritis characterized by large numbers of neutrophils 
and necrotic trophoblastic cells. Many neutrophils and mononuclear 
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cells were present in the stratum compactum. The stratum compactum 
and stratum spongiosum were edematous. Several endometrial glands in 
these areas contained and were surrounded by neutrophils. There were 
also lympho-histiocytic perivascular aggregates in the lamina propria. 
There was fibrinoid degeneration of some vessels and these vessels were 
often surrounded by large numbers of neutrophils. The endothelial cells 
lining these vessels were swollen and protruded into the vessel lumen. 
The ovaries of these gilts contained multiple lympho-histiocytic aggre­
gates in the corpora lutea. These inflammatory cells were primarily around 
small vessels. 
Aborted fetal placentas had varying degrees of necrotic placentitis. 
Placentitis was characterized by coagulative necrosis of the chorionic 
fossae and presence of intranuclear inclusion bodies in degenerated 
trophoblasts and mesenchymal cells. Both eosinophilic and basophilic 
intranuclear inclusion bodies were present in degenerated trophoblasts 
(Figures 4 and 5). There were multifocal areas of coagulative necrosis 
in the liver of an aborted fetus (Figures 6 and 7). Lesions were not 
observed in the fetal lungs. 
The lung sections in gilts were characterized by purulent broncho­
pneumonia and fibrinous pleuritis. There was an accumulation of a 
homogenous eosinophilic material in the alveolar spaces. In 7 gilts 
large pulmonary abscesses containing necrotic debris were surrounded by 
fibroblasts and connective tissue. Tonsillar lesions consisted of the 
accumulation of large numbers of neutrophils in the tonsillar crypts. 
Basophilic intranuclear inclusion bodies were observed in desquamated 
stratified squamous epithelial cells. 
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In one animal, the epiglottis was covered with a fibrinopurulent 
necrotic exudate. The surface was ulcerated and contained a mixture 
of bacterial colonies, fibrin and neutrophils. The exudation extended 
into the mixed mucous and serous glands. The ducts of the glands were 
distended with mucous, neutrophils and necrotic debris and were lined by 
flattened epithelial cells. There was congestion and hemorrhage in 
this area. 
The CNS was characterized by a disseminated multifocal nonsuppur-
tive meningoencephalitis and ganglioneuritis. There was extensive 
demyelination, malacia and necrosis throughout the brain parenchyma. 
Neuronal changes were extensive in all the gilts and were character­
ized by neuronophagia and perineuronal gliosis. In some areas the 
microglial cells completely filled the neuronal space. Throughout the 
neuroparenchyma there were extensive perivascular cuffs composed of 
lymphocytes, plasma cells and histiocytes. The thickness of the cuffs 
varied from 2 to 4 layers of cells. The larger cuffs were more commonly 
observed in the brain stem. Mitotic figures were present in many of 
the perivascular cuffs suggesting local proliferation of the cells. 
The endothelial cells of cuffed vessels were swollen and protruded into 
the capillary lumen. 
The meningitis was composed of lymphocytes, histiocytes and plasma 
cells with few eosinophils. The vessels were cuffed similarly to those 
in the neuroparenchyma. 
In the spinal cord lesions characterized by malacia, demyelination, 
axonal swelling and perivascular cuffing were more frequently seen in 
the dorsolateral funiculus of the cervical region of the spinal cord. 
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They were seen in less frequency and severity in the thoracic and lumbar 
regions of the spinal cord. Trigeminal ganglia lesions were similar in 
intensity to those in the neuroparenchyma. Many neurons were surrounded 
by glial cells, which in many instances occupied the neuronal space. The 
nuclear changes observed in glial cells surrounding sites of neuronophagia 
were suggestive of viral activity. These changes included the dispersement 
of nuclear material around the periphery of the nuclear membrane. Other 
body systems contained minimal lesions. The most commonly affected tissue 
was the adrenal gland. This organ contained multiple lymphoid aggregates 
in the cortex and medulla. 
Electron microscopy 
Viral particles were demonstrated in some of the selected sections 
from the hematoxylin and eosin stained sections. Herpesvirus particles 
were seen in cytotrophoblast of the fetal membrane and were located in the 
nucleus and cytoplasm (Figure 8). Virus was present in those cells with 
eosinophilic type inclusion bodies. Mature virions were present outside 
the nucleus while immature virions were present in the nucleus. The cells 
which contained viral particles had marked margination of the nuclear 
chromatin. Herpesvirus virions were observed in the nucleus, peri­
nuclear cistern and cytoplasm of the fetal liver (Figure 9). 
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DISCUSSION 
Pseudorabies virus was isolated from the uterus, placenta and lung 
of the gilt that aborted on day 12 PI and was thought to be cause of abor­
tion in this animal. This animal had a serum neutralization (SN) titer 
of 1:64 for PRV, which was the highest of all the gilts. All the pregnant 
gilts temperatures were in excess of 40.5C and this was likely a major 
influence in the abortions of the 3 other gilts. Studies have shown the 
effects of elevated ambient temperature on gestation (17-19). These 
studies indicate that gilts subjected to heat stress tend to have lower 
conception rates and fewer viable embryos. The greatest reductions in 
embryos occurred among gilts stressed later in pregnancy during the 
period of implantation. 
In the gilt that aborted on day 6 PI, PRV was isolated from the 
ovary, trigeminal ganglia and spleen. The tonsils were positive on 
FAT. This animal had not seroconverted for PRV antibodies, which is 
not uncommon. Workers have indicated that SN titers for PRV are not 
usually elevated for 7 or more days PI (18,22-24). Although the 
temperatures were elevated and PRV was isolated from the trigeminal 
ganglia, spleen, lungs and tonsils of the other 2 gilts, virus was 
not isolated from the uterus or placenta. Their abortions occurred at 
the peak of body temperature elevation and this temperature elevation is 
thought to be the cause of abortion. The lack of the abortion episode 
in the remaining 6 pregnant gilts indicates that they were able to with­
stand the initial viral insult and the stress of the elevated temperatures. 
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However, previous studies have shown that sows may shed virus after 
parturition (25). In our animal we did not detect virus shedding. 
Three of the gilts that aborted had a diffuse bronchopneumonia with 
abscessation. Pseudorabies virus was also isolated from the lungs, but 
inclusion bodies were not seen. The interstitium of the lungs contained 
large numbers of mononuclear cells, lymphocytes, plasma cells and some 
neutrophils. These changes are similar to those described in the lungs 
of swine after PRV inoculation, by other authors (26-28). Microscopic 
lesions consistently found through the CNS in all inoculated animals are 
similar to those previously reported by other workers (27-29). 
The gross and microscopic changes observed in the reproductive 
systems of the gilts, are similar to those described by Kluge and Mare 
(14) and other authors (9,11). It was shown in their studies that PRV 
infection at any time during gestation can affect the outcome of gesta­
tion. 
Recent outbreaks of PR in the midwestern U.S.A. indicate that PRV 
has the ability to cross the placenta (12,14,29). Our findings agree 
with the previous reports. The microscopic changes in the aborted tis­
sues of necrosis of the chorionic placenta with eosinophilic intranuclear 
inclusion bodies in trophoblasts and fetal liver, have been described by 
several workers (2,9). Downie (30) stated that in viral disease, fetal 
death might be due to selective destruction of vital cells of target 
tissues. Isolation of PRV from the placenta of a gilt that aborted 
indicates that the abortion was a primary effect of PRV crossing the 
placenta. 
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The subsequent reproductive problems in gilts and sows after PR 
outbreaks appear to vary in severity within different geographical 
locations possibly due to viral strain mutations or a different strain 
of virus which may explain why some animals abort and remain infertile 
after initial outbreaks yet some sows and gilts breed and farrow normal 
litters (31). 
Figure 1. Epiglottis from IN gilt 9 days PI. Note the thick yellow, 
fibrinopurulent exudate on the epiglottis 
95 
Figure 2. Lung from IN gilt 9 days PI. The pleural surface is 
covered with a thick layer of fibrin. This area is 
consolidated; dark red and raised. Multiple abscesses 
are present. Pasteurella multocida was isolated from 
this lung 

Figure 3. Uterus from a gilt that aborted 11 days PI. Note viscous 
yellow-white exudate on the endometrium. The uterine wall 
is edematous 
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•Figure 4. Fetal membrane from gilt that aborted 12 days PI. Note 
the extensive degeneration and necrosis of the 
cytotrophotoblasts. H.&E.X255 
Figure 5. Fetal membrane, higher magnification of Figure 4. Note 
eosinophilic intranuclear inclusion bodies with margination 
of chromatin (large arrow) and basophilic intranuclear 
inclusion bodies that completely fill the nucleus (small 
arrows). H.&E.X640 
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Figure 6. Fetal liver, fetus aborted 12 days PI. Note multifocal 
areas of coagulative necrosis in the hepatic parenchyma 
(arrows). H.&E.XlOO 
Figure 7. Fetal liver higher magnification. Note eosinophilic 
intranuclear inclusion bodies with margination of 
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Figure 8. Electron micrograph of fetal membrane seen in Figures 5 
and 6. Note the presence of mature virions in the cyto­
plasm and nucleus with margination of chromatin 

Figure 9. Fetal liver from fetus which was aborted 12 days PI. 
Electron micrograph from a hematoxylin and eosin stained 
section. Note the margination of chromatin with the 
presence of complete (dark-staining core of nucleic acid) 
nonenveloped nucleocapsid (small arrow) and incomplete 
(hollow) nonenveloped nucleocapsids in the nucleus, peri­
nuclear cistern (large arrow) and the cytoplasm. Inset: 




Table 1. Viral results on tissues from gilts which aborted on 6, 8, 
9 and 12 days PI 
Tissues Test Animal* Animal^ Animal^ Animal*^ 
Tonsil FAT^ + + - -
VI NT^ NT NT NT 
Trigeminal FAT + + - -
ganglion VI NT NT NT NT 
Spleen FAT NT NT NT NT 
VI + + - -
Brain FAT NT NT NT NT 
VI + + + -
Placenta FAT - - - -
VI - - - + 
Ovary FAT - - - NT 
VI + - - -
Lung FAT - + + + 
VI - + + + 
Uterus FAT - - - -
VI - - - + 
Serum SN^ - 1:8 1:16 1:64 
^Animal 1 aborted 5 fetuses, 6 days PI. 
^Animal 2 aborted 4 fetuses 8 days PI. 
^Animal 3 aborted 4 fetuses 9 days PI. 
^Animal 4 aborted 3 fetuses 12 days PI. 





Table 2. Viral results on tissues from the remaining gilts 5-10^ 
Tissue = 5 =^""1 






- - - - - -
Lung FAT 
VI 
- - - - - -
Placenta FAT 
VI 
- - - - - -
Brain FAT 
VI 





— — — — — — 
Uterus FAT 
VI - - - - - -
Serum SN 1:16 1:32 1:32 1:64 1:32 1:16 
*None of these animals aborted, animals 5, 6 were killed 16 day 
PI; animal 7 killed 18 days PI, animal 8 killed 21 days PI; animal 9 
killed 22 days PI and animal 10 killed 25 days PI. 
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SUMMARY 
Pseudorabies virus (PRV) was inoculated intranasally (IN) into 8 
young mature boars to determine if microscopic changes occurred in the 
reproductive system. Gross changes were not observed in any of the boars 
in this study. Microscopic changes were limited to the preputial sheath, 
penis and epididymis. PRV was not isolated from the reproductive system. 
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INTRODUCTION 
In previous reports, the microscopic changes in swine with clinical 
and subclinical pseudorabies (PR) (Aujeszky's Disease) have been reviewed 
extensively (1-8). Despite the extensive literature on the pathogenesis 
and lesions of PR, there is minimal information on the acute effects of 
pseudorabies virus (PRV) infection in young mature boars. 
Recently, investigators have isolated PRV from the semen of 
naturally infected (9) and experimentally inoculated (10) boars, but 
microscopic changes were not described in the reproductive tracts. A 
single case of PRV isolation from the preputial mucosa has been reported 
(11). Corner (12) observed necrotic foci in the testicles and other 
glandular tissues of boars experimentally inoculated with PRV. Another 
investigator (13) described testicular degeneration in one experimentally 
inoculated boar. 
One author (14) has reported scrotal edema in association with 
PRV infection. Other investigators have noted during a severe outbreak 
that the reproductive tracts of boars were not affected (15). 
The purpose of this study was to determine the effects of acute 
PRV infection on the young mature boar with primary emphasis on viral 
isolation from reproductive tissues and histopathology of the repro­
ductive tract. 
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MATERIALS AND METHODS 
Animals and housing 
A group of 8, 5-month-old mixed breed boars were purchased from a 
commercial source. The source herd was free of serologic evidence of 
PR, leptospirosis, transmissible gastroenteritis and clinical evidence 
of atrophic rhinitis. All pigs were tested for PRV antibody using the 
microtitration serum neutralization (SN) test (16). 
Housing consisted of total confinement for the entire project in 
rooms with concrete floors and automatic drinkers. Four boars were 
placed in each of 2 rooms. A commercial balanced diet was fed which met 
with the minimum National Research Council requirement for boar mainte­
nance (17). 
Experimental design and exposure 
The boars were assigned to 2 equal groups of 4 each. They were 
administered 4 ml of 1 x 10^ plaque forming units (PFU) per ml of a 
virulent Iowa strain of PRV Intranasally (IN). The inoculum was placed 
deeply into the nasal cavity with the aid of a sterile cannula and syringe. 
Virus propagation 
A field isolate of a virulent Iowa strain of PRV at the tenth cell 
culture passage containing 1.0 x 10^ PFU per ml was inoculated into a 48 
hour old monolayer of porcine kidney cells (PK15). The cells were con-
2 taiazd in 150 cm tissue culture flasks. The virus was allowed to adsorb 
to the cells for 60 minutes at 37C in a 5% CO^ atmosphere. Following 
adsorption, the supernatant was removed and minimum essential medium 
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(MEM) containing 2% fetal calf serum was added to the flask. The flask 
was reincubated until 90% of the cells developed cytopathic effect (CPE). 
The flask containing virus was frozen and thawed twice at -70C and 37C 
respectively. The cells and supernatant were then centrifuged at 1500 xg 
for 20 minutes in a refrigerated centrifuge. The supernatant was used 
as the infective virus. 
Virus isolation 
The technique used to demonstrate viral particles in the trigeminal 
ganglia was the same as that described in a recent publication (18). 
3 Small sections of trigeminal ganglia measuring one mm were collected 
by the use of sterile scissors and forceps. The tissues were placed in 
2 ml of MEM containing 2% fetal calf serum and aatibotics. The tissue 
fragments were placed on a 6 well plate containing a monolayer of Madin 
Darby Bovine Kidney (MDBK) cells and on PK15 cells for 7 days. The cells 
were inocubated at 37C in a 5% CO^ atmosphere. The nutrient medium 
was removed from these monolayers on day 1, 3 and 6 and was inoculated 
onto a 24 well plate containing cell monolayers of MDBK or PK15 cells 
respectively. Fresh nutrient medium was used to replenish medium removed. 
The 24 well plates were examined for 7 days for CPE. If no CPE was ob­
served, the cell monolayers were freeze-thawed and centrifuged at a low 
speed centrifugation to remove cellular debris. The supernatant was 
inoculated onto a new 24 well plate of MDBK or PK15 cells. This procedure 
was repeated 2 more times over a 21 day period. 
The tissue fragments from the original monolayer were removed 
after 7 days and placed on a new set of 6 well plates. This procedure 
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was repeated 2 more times over a 21 day period. The original cell mono­
layers were freeze-thawed once and were inoculated onto a new 24 well 
plate containing monolayers of MDBK or PK15 cells. These were examined 
for 7 days for CPE. If no CPE was observed this procedure was repeated 
once and examined for 7 more days. Fluorescent antibody tests (FAT) 
were used to confirm PRV on cells showing herpesvirus CPE. Reproductive 
tissues were examined in the same manner described above. 
Clinical signs 
Following exposure of the boars to PRV, the animals were observed 
for clinical signs. Rectal temperatures were taken and recorded daily. 
Necropsy 
The boars were killed in successive days after elevation of temper­
atures which occurred 5 days post-inoculation (PI). One boar died 7 days 
PI. Necropsies were performed and gross lesions were recorded. All 
representative tissue sections were fixed in 10% neutral buffered forma­
lin, except tissues from the reproductive tract which were fixed in 
Bouin's fixative. Routine bacterial culture were preformed on lungs 
tissues containing abscesses. 
Histotechnique 
Tissues taken for histopathologic examination were: 1) central 
nervous system - trigeminal ganglia, olfactory bulbs, pituitary gland, 
cerebral cortex, cerebellum, pons, medulla, cervical spinal cord at the 
level of the 5th and 6th cervical vertebrae, thoracic spinal cord at the 
level of the 7th and 8th thoracic vertebrae and lumbar spinal cord at the 
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level of the 4th and 5th lumbar vertebrae. 2) reproductive system -
testicle, epididymis, seminal vesicles, prostate gland, bulbourethral 
gland, penis and preputial sheath. 
Other tissues taken were: turbinate, tonsil, liver, lung, spleen, 
adrenal gland, kidney, heart and submandibular lymph node. 
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RESULTS 
Body temperatures became elevated in all animals 3 days PI. All 
animal's temperatures were ia excess of 40.5C and remained elevated 
throughout the experiment. 
The boars were depressed, anoretic, ataxic, constipated, reluctant 
to move and had signs of severe respiratory distress for the duration 
of the experiment. 
One boar died 7 days PI. The death was attributed to PRV. 
Gross lesions 
All of the boars had a mucopurulent nasal discharge and exudate 
present on the nasal turbinates. The tonsils contained multiple small 
abscesses throughout the parenchyma. The lungs had multiple abscesses 
and cranial ventral consolidation. The consolidated areas were dark 
red and contained fibrin on the pleural surface. The interlobular septa 
were edematous. On section purulent exudate could be squeezed from the 
bronchioles. Pastcruclla multiocida was isolated from the pulmonary 
abscesses. There was severe congestion of the meningeal vessels in 
the boar that died. The remainder of the viscera and the reproductive 
tracts of all the boars were grossly normal. 
Virology 
The 2 boars killed 5 days PI were seronegative for PRV. The tonsil 
and trigeminal ganglia were positive by FAT and the trigeminal ganglia 
was positive on viral isolation (VI). Similar results were obtained 
with specimens from the boar that died 7 days PI, however serum was 
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available for the SN test. Serums from the 2 boars killed 8 days PI 
both contained toxic elements and a titer could not be obtained. One 
of these boars was negative for PRV on FAT and VI and the other boar's 
tonsil was FAT positive while the trigeminal ganglia were FAT and VI 
negative. A serum titer could not be established on the boar killed 
9 days PI due to toxicity, the tonsils were FAT positive and the tri­
geminal ganglia were FAT and VI negative. The last boar killed on day 
10 PI had a titer of 1:4, both the tonsil and trigeminal ganglia were 
FAT and VI negative. Reproductive tissues from all boars were negative 
on co-culture, VI and FAT. 
Microscopic lesions 
The body systems which contained major microscopic lesions were; 
the central nervous, respiratory, reproductive and lymphoid systems. 
One animal had lesions present in the liver. 
In the reproductive system, lesions were observed in the preputial 
sheath, penis and epididymis. These lesions were characterized by 
multifocal subepithelial lympho-histiocytic aggregates in the penis and 
preputial sheath. Surrounding these aggregates the connective tissue 
was edematous and contained lymphocytes, plasma cells and a few eosino­
phils. The vascular endothelium was swollen in these areas. The epididy­
mis also contained multiple lympho-histiocytic aggregates. One boar had 
multiple sperm granulomas in the epididymal tubules which extended into 
the connective tissue of the epididymis in adjacent areas. Squamous 
metaplasia and degeneration of epididymal tubules were observed. There 
was mild degeneration of the seminiferous tubules in all of the boars. 
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There were focal areas of coagulative necrosis of the turbinate 
mucosa which involved the epithelium and lamina propria. The necrotic 
areas contained fibrinopurulent exudate composed of neutrophils, macro­
phages, fibrin and necrotic epithelial cells, some of which contained 
eosinophilic intranuclear inclusion bodies. In some areas there was 
ulceration of the mucosal surface, in adjacent areas the pseudostrati-
fied ciliated epithelium was replaced by flattened epithelial cells. 
These metaplastic epithelial cells contained eosinophilic intranuclear 
inclusion bodies (Figures 1 and 2). The necrosis and exudate extended 
into the submucosa and involved submucosal glands. 
The lung sections were characterized by diffuse interstitial 
thickening due to infiltration of mononuclear cells. In several 
animals, there was coagulative necrosis which involved the bronchi, 
bronchioles, interstitium and alveolar spaces. Many alveoli contained 
homogenous eosinophilic material, fibrin, macrophages, lymphocytes, 
plasma cells and necrotic debris. Degenerative nuclear changes sug­
gestive of viral activity were frequently observed around the necrotic 
areas. The cells in these areas had margination of chromatin to the 
periphery of the nuclei. One boar had multifocal areas of coagulative 
necrosis within the liver; and though inclusion bodies were not observed, 
hepatocytes at the periphery of necrotic foci were suggestive of viral 
activity as evidenced by the eosinophilia of the nuclei and margination 
of the chromatin. 
In several animals, there was lymphoid necrosis in the submandi­
bular lymph nodes. These areas of coagulative necrosis surrounded 
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and involved germinal follicles. The necrotic areas contained moderate 
numbers of neutrophils. Inclusion bodies were not observed. 
Lesions in the tonsils primarily involved the stratified squamous 
epithelium of the crypts. There was multifocal necrosis and ulceration 
of the surface epithelium with the accumulation of neutrophils, fibrin, 
bacterial colonies and necrotic debris. The necrotic areas in the 
crypts contained large numbers of degenerative neutrophils, lymphocytes, 
bacterial colonies and sloughed degenerating epithelial cells which 
contained basophilic intranuclear inclusion bodies that filled the 
nuclei. Eosinophilic intranuclear inclusion bodies were commonly 
observed in stratified squamous epithelial cells which were attached 
an occasionally some inclusion bodies were seen in epithelial cells 
which were sloughed into the crypt lumen (Figure 3). The eosinophilic 
intranuclear inclusion bodies were typified by oval to elongated acidio-
philic bodies surrounded by a clear halo and margination of nuclear 
chromatin (Figure 4). Necrosis and exudate extended into the adjacent 
lymphoid follicules and surrounding reticuloendothelial tissue. The 
vasculature of tonsillar tissue was extremely hyperemic. 
The central nervous system (CNS) was characterized by a diffuse 
nonsuppurative meningoencephalomyelitis and ganglioneuritis. Throughout 
the brain there was demyelination, necrosis and malacia. Neuronal 
changes were present and extensive in all boars. They were accompanied 
by neuronophagia, perineuronal gliosis and perivascular cuffing. 
Perivascular cuffs were diffusely disseminated throughout the 
neuroparenchyma. The thickness of the cuffs varied from 2 to several 
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layers of cells and larger cuffs contained as many as 6 layers of cells. 
The cuffs were composed of lymphocytes, plasma cells, histiocytes and 
a few eosinophils. Mitotic figures were present in many of the cuffs 
suggestive of local proliferation of cells. Endothelial cells lining 
cuffed vessels were swollen and protruded into the vascular lumen, 
resulting in partial occlusion of some vessels. 
Meningitis was observed throughout the CNS; the infiltrates into 
the meninges were lymphocytes, plasma cells and histiocytes. The ves­
sels in the meninges were cuffed with this same cellular infiltrate. 
Several animals had glial nodules with focal areas of malacia in 
the dorsal funiculus of the cervical, thoracic and lumbar regions of 
the spinal cord. Meningeal infiltrates and perivascular cuffs were not 
as extensive nor as severe as they were in the brain. The perivascular 
cuffs consisted of one or 2 layers of cells as did meningeal infiltrates. 
In the trigeminal ganglia, the reaction was similar to that observed 
in the brain. Severe axonal swelling and myelin ball formation were 
prominent. Cellular infiltrates centered around necrotic neurons and 




All of the boars in this study had evidence of PR. Pseudorabies 
virus was not isolated from the reproductive tracts of any of the inocu­
lated animals. Seroconversion to PRV was negative in the boars killed 
5 days PI, but workers have demonstrated that titers are not evident 
until 7 or more days PI (16,19,20,21). Blood was unavailable due to 
clotting from the boar that dies 7 days PI. 
The boars killed the 8th, 9th, 10th and 11 day PI had a toxic factor 
in the serum which destroyed the cell monolayer. Tonsils from the boars 
killed on the 8th day PI were negative on FAT. The last boar killed 12 
days PI had a serum titer of 1:4 for PRV, but all of his tissues were FAT 
and VI negative. Fluorescent antibody tests performed on the trigeminal 
ganglia and tonsils of the boars killed prior to 12 days PI indicated that 
viral antigens were present in these tissues and VI from the trigeminal 
ganglia of several of these boars confirmed the presence of PRV. 
All of the boars had a diffuse interstitial pneumonia and some 
lungs contained multifocal areas of coagulative necrosis, abscessation 
and a purulent bronchopneumonia with fibrinous adhesions to the pleural 
cavity. The microscopic changes observed in the lungs, tonsil and CNS 
have been extensively reviewed (5,6,15,19,22-24,27). Our findings are 
similar to those described with the exception of intranuclear inclusion 
bodies in the lungs and CNS. The lesions observed in the tonsils are 
similar to those described in previous reports (6,22,24,28,29). 
Absence of gross lesions in the testicle and epididymis of the 
boars in this study is in agreement with workers from Taiwan (15) who 
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observed no gross lesions in these organs during an outbreak of PR. 
This disagrees with one worker (14) that observed scrotal edema in 
boars during an outbreak of PR. 
Microscopic changes in the reproductive tissue consisted of 
multiple lympho-histiocytic nodules with a few eosinophils in the pre­
putial sheath, subepithelial tissues of the penis and perivascular 
lympho-histiocytic nodules in the epididymis. These lymphoid nodules 
were attributed to nasa]-genital contact by the boars. The degeneration 
of testicular tissue in boars inoculated with PRV had been reported (13). 
The degeneration of seminiferous tubules and reduction in spermatozoa in 
these tubules seen in this study are indicative of infertility. We 
attributed this testicular degeneration to the rise in body temperature 
after inoculation. Workers have demonstrated that with a rise in temper­
ature, animals became infertile, because Sertoli cells in the testis are 
particularly sensitive to temperature (30). Corner (12) reported focal 
necrosis of the testicular tissues in piglets inoculated with PRV. He 
obsciTVcu intranuclear inclusion bodies in cells at the periphery of 
necrotic foci and in endothelial cells of blood vessels in the necrotic 
foci. These changes are in disagreement with the findings of this study 
and are possibly related to the age of the animals used in his study which 
were considerably younger than the animals used here. 
The presence of the lympho-histiocytic aggregates in the reproductive 
system in these boars may be suggestive of viral localization and repli­
cation sites. These sites can possibly be avenues of viral excretion 
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during sexual contact with susceptible gilts and sows and exposure to 
other boars. 
Figure 1. Nasal turbinate from a boar killed 10 days PI. Note the 
purulent exudate present on the mucosal surface and the 
squamous metaplasia of the mucosal pseudostratified 
ciliated epithelial cells (arrow). H.&E.X255 
Figure 2. Nasal turbinate, higher magnification of Figure 1. Note 
that the metaplastic pseudostratified citiated epithelial 
cells contain eosinophilic intranuclear inclusion bodies 
with margination of the nuclear chromatin (arrows). 
H.&E.X640 
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Figure 3. Tonsil from boar killed 10 days PI. Note the tonsillar 
crypt contains necrotic debris and desquamated epithelial 
cells. H.&E.X255 
Figure 4. Tonsil, higher magnification of Figure 3. Note eosinophilic 
intranuclear inclusion body with margination of nuclear 
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SUMMARY 
Four boars were Inoculated intranasally with pseudorabies virus 
to determine if microscopic changes occurred as a result of infection. 
Testicular biopsies were taken at 2, 4 and 6 weeks post-inoculation. The 
boars were later castrated to determine if spontaneous shedding of 
virus occurred. Pseudorabies virus was not isolated from the semen or 
testicular tissue. Virus was isolated from nasal swabs taken one day 
after castration. 
Gross changes were not observed in testicular tissues and micro­
scopic changes in the testicles were the result of biopsy. 
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INTRODUCTION 
The reproductive tract of swine and various other animals has been 
shown to be the site of entrance and excretion of a variety of viruses 
(1). Recently the venereal transmissibility of pseudorabies virus (PRV) 
has stimulated great interest. Akkermans (2) reported an isolation of 
PRV from the preputial membrane of a boar affected by pseudorabies (PR). 
Pseudorabies virus has been isolated from the semen in naturally (3) and 
experimentally inoculated boars (4). 
Even with the advent of isolation of PRV from the semen, the litera­
ture pertaining to the changes observed in the testicular tissue is 
minimal. One author observed edema of the scrotum in association with 
PRV (5). Testicular degeneration was reported by another investigator 
in an experimentally inoculated boar (6). 
The only microscopic change reported in the recent literature was 
observed by Corner (7) who noted necrotic foci in testicular tissue and 
other glandular tissues of experimentally inoculated boars. Investi­
gators have reported that the reproductive tracts of boars were not 
affected during severe outbreaks of PRV in Taiwan (8). 
The objectives of this study were to determine if PRV could be iso­
lated from the semen of boars by 2 methods and to determine by testicular 
biopsy the sequential microscopic changes in the tissue. 
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MATERIALS AND METHODS 
Animals and housing 
A group of 4, 6-month-old Yorkshire boars was purchased from a 
commercial source. The source herd was free of serologic evidence of 
PR, leptospirosis, transmissible gastroenteritis and clinical evidence 
of atrophic rhinitis. All pigs were tested for PRV antibody using the 
microtitration serum neutralization (SN) test (9). 
Housing consisted of total confinement for the duration of the 
project in a room with concrete floors and automatic drinkers. All 4 
boars were placed in the same room. A balanced diet was fed which met 
the minimum National Research Council requirements for boar maintenance 
(10). 
Experimental design and exposure 
The boars were administered 5 ml of 1 x 10^ plaque forming units 
(PEU) per ml of a virulent Iowa strain of PRV intranasally (IN). The 
inoculate was placed deeply into the nasal cavity with the aid of a 
sterile cannula and syringe. The boars were electroejaculated and testi­
cular biopsies were taken prior to inoculation and 13, 27 and 42 days 
post-inoculation (PI). 
The semen and testicular samples taken prior to inoculation served 
as control samples. 
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The animals were given one cc of Rompun^ intramuscular followed by 
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one gm of Surital intravenously prior to electroejaculation and surgery. 
The boars were placed in dorsal recumbency and a midline surgical 
site 10 cm posterior to the inguinal region was scrubbed with iodine 
and washed with alcohol. The testicles were pushed anteriorly from the 
scrotum and held in this area until the biopsy specimen was taken. A 
4 cm incision was made in the skin and tunica vaginalis over the posi­
tioned testicle. The tunica albuginea was opened with a 2.5 cm incision 
in the least vascular area available. A one x 2 x 2 cm piece of testi­
cular parenchyma was removed by the biopsy instrument. The cutting 
instrument was formed from one half of a stainless steel razor blade 
held in a horseshoe shape by 2 hemostats. The biopsy was removed with 
instruments only to avoid damage to the tissue. A portion of the biopsy 
was separated for virus isolation (VI) and the remainder was fixed in 
Bouin's fixative for microscopic examination. 
The tunica albuginea was closed with oo chromic cat gut with a 
swaged on atraumatic needle in a simple continuous pattern. Care was 
taken to bury as much of the knots as possible and to infold the tunica 
slightly. Hemostasis was achieved by suturing the incision rather than 
use of ligatures or electric cautery. The tunica vaginalis was not 
sutured, but the skin was closed with a continuous interlocking pattern 
of nonabsorbing sutures. 
^Bayvet Division Cutler Laboratories, Inc., Shawnee, Kansas U.S.A. 
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A field isolate of a virulent Iowa strain of PRV at the tenth cell 
culture passage containing one x 10^ PFU per ml was inoculated into a 48 
hour old monolayer of porcine kidney (PK15) cells. The cells were con-
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tained in 150 cm tissue culture flasks. The virus was allowed to adsorb 
to the cells for 60 minutes at 37C in a 5% CO^ atmosphere. Following 
adsorption, the supernatant was removed and minimum essential medium 
(MEM) containing 2% fetal calf serum was added to the flask. The flask 
was reincubated until 90% of the cells developed cytopathic effect (CPE). 
The flask containing virus was frozen and thawed twice at -70C and 37C 
respectively. The cells and supernatant were then centrifuged at 1500 xg 
for 20 minutes in a refrigerated centrifuge. The supernatant was used 
as the infective virus. 
Virus isolation 
The technique used to demonstrate viral particles from trigeminal 
ganglia has been described by Beran et al. (11). Small sections of 
3 trigeminal ganglia measuring one mm were collected by the use of 
sterile scissors and forceps. The tissues were placed in 2 mis of MEM 
containing 2% fetal calf serum and antibiotics. The tissue fragments 
were placed on a 6 well plate containing a monolayer of Madin Darby 
Bovine Kidney (MDBK) cells and PK15 cells for 7 days. The cells were 
incubated at 37C in a 5% CO^ atmosphere. The nutrient medium was removed 
from these monolayers on day 1, 3 and 6 and was inoculated onto a 24 
well plate containing cell monolayers of MDBK or PK15 cells respectively. 
Fresh nutrient medium was used to replenish the media removed. The 24 well 
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plates were examined for 7 days for CPE. If no CPE was observed, the 
cell monolayers were freeze-thawed and centrifuged at a low speed centri-
fugation to remove cellular debris, the supernatant was inoculated onto 
a new 24 well plate of MDBK or PK15 cells. This procedure was repeated 
two more times over a 21 day period. 
The tissue fragments from the original monolayer were removed after 
7 days and placed on a new set of 6 well plates. This procedure was 
repeated 2 more times over a 21 day period. The original cell monolayers 
were freeze-thawed once and were inoculated onto a new 24 well plate con­
taining monolayers of MDBK or PK15 cells. These were examined for 7 
days for CPE. If no CPE was observed, this procedure was repeated once 
and examined for 7 more days. Fluorescent antibody tests (FAT) were 
used to confirm PRV on cells showing herpesvirus CPE. Testicular biopsy 
samples were examined in the same manner described above. 
Virus isolation on semen samples 
The semen samples collected from the boars were analyzed for PRV 
by 2 methods. Control samples, taken from similarly aged animals, were 
run with the test samples. For positive control, 4.5 ml of semen was 
3 inoculated with .5 ml of one x 10 PFU per ml. The positive control 
semen and the negative control semen were treated similar to the experi­
mental semen samples. 
The techniques used to demonstrate virus in the semen were the 
same as described by Kahrs et al. (12) and Medveczky et al. (3). These 
2 techniques will be referred to as Method A and Method B respectively. 
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In Method A, antitrypsin^ was added to fresh semen samples in a one;one 
ratio, then incubated for one hour at room temperature and freeze-
thawed 3 times at -70C and 37C. The semen was then centrifuged at 
1500 xg for 15 minutes in a refrigerated centrifuge. The supernatant 
was used to inoculate PK15 cells. The cell cultures were observed for 
7 days then carried through one blind passage and observed for 7 addi­
tional days. With Method B, the semen was centrifuged at 1500 xg for 
45 minutes in a refrigerated centrifuge to remove the cellular debris. 
The supernatant was centrifuged at 2500 xg for 45 minutes in a high 
speed refrigerated centrifuge, one ml of cell free plasma was added to 
5% fetal calf serum (PCS) in a 1:9 ratio and diluted in Earle's solution 
to inactivate the trypsin. This was incubated for 30 minutes at 28C 
and 0.2 mis of this solution was inoculated onto a PK15 cell culture and 
incubated for one hour to allow for viral adsorption. The cell culture 
was washed in 5 changes of Earle's solution and 2% FCS was used in the 
MEM. The culture was then incubated for 30 minutes at 37C. 
Samples not showing CPE were carried through 5 blind passages. A 
blind passage involved taking the sample not showing CPE, freeze-thawing 
this sample once and centrifuging it at 1500 xg for 15 minutes in a 
refrigerated centrifuge to remove cellular debris. The supernatant was 
inoculated onto a new cell monolayer of PK15 cells and observed for CPE. 
At 5 to 7 days, this cell monolayer was freeze-thawed and the procedure 
was repeated one more time. Fluorescent antibody tests were used to 
confirm PRV on cells showing Herpesvirus CPE. 
^Sigma Chemical Company, St. Louis, Missouri U.S.A. 
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Semen evaluation (13) 
Semen was collected into prewarmed plastic-lined insulated bottles. 
The semen gel was removed by gauze pads as the semen entered the flask. 
From the total ejaculate, a 5 ml sample was obtained for VI and the 
remainder was presented to the laboratory for evaluation. Cover-slipped 
wet preparations of semen were utilized for motility (live-dead) esti­
mates and sperm cell concentrations were determined by spectrophot­
ometry at 525 nm in a one to 50 dilution with 2.9% sodium citrate (14). 
An aliquot of semen was negatively stained (eosin-nigrosin)^ and smeared 
on a glass slide for morphologic evaluation. One hundred spermatozoa 
were randomly selected from the stained preparation and categorized as 
normal or abnormal morphology. Primary (serious) abnormalities involved 
abnormal heads or acrosomes, coiled tails and proximal cytoplasmic drop­
lets. Secondary abnormalities were detached heads, bent tails and distal 
cytoplasmic droplets. 
Virus isolation from nasal swabs 
Cotton swabs were utilized for swabbing of the nasal cavity. After 
the swabs were taken, they were immediately immersed in one ml sterile 
Earle's medium and frozen at -70C. Each sample was prepared for VI by 
thoroughly mixing swabs and media and then wringing all liquid from the 
swab. The liquid was passed through a 0.45 um filter onto bovine tur­
binate cell monolayers and assessed daily for specific CPE for 7 days. 
All suspected isolates were passed one additional time to confirm that 
^Stain was provided by the Society of Theriogenology (eosin-
nigrosin). 9th and Minnesota, Hastings, Nebraska U.S.A. 
147 
CPE was not due to toxicity. Fluorescent antibody test was used as a 
confirmation test on all suspected isolates. 
Clinical signs 
Following inoculation of the boars with PRV, the animals were ob­
served for clinical signs. Rectal temperatures were taken and recorded 
daily. 
Necropsy 
One boar died 21 days PI. The 3 remaining boars were killed 51 
days PI (10 days post-castration). Necropsies were performed and gross 
lesions were recorded. Routine bacterial cultures were preformed on 
lung abscesses. All representative tissue sections were fixed in 10% 
neutral buffered formalin, except tissues from the reproductive tract 
which were fixed in Bouin's fixative. 
Histotechnique 
Tissues taken for histopathologic examination were: 1) central 
nervous system - trigeminal ganglia, olfactory bulbs, pituitary gland, 
cerebral cortex, cerebellum, pons, medulla, cervical spinal cord at the 
level of the 5th and 6th cervical vertebrae, thoracic spinal cord at the 
level of the 7th and 8th thoracic vertebrae and lumbar spinal cord at 
the level of the 4th and 5th lumbar vertebrae; 2) reproductive tract -
testicles, epididymis, seminal vesicles, prostate gland, bulbo-urethral 
gland, penis and preputial sheath. 
Other tissues taken were: turbinates, tonsils, liver, lung, spleen, 
adrenal gland, kidney and heart. 
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Electron microscopy 
Tissues taken for electron microscopy^ were placed in 2.5% glutaral-
dehyde in 0.1 M Sorensen's buffer and post fixed in 1% Osmium tetroxide. 
The tissues were then dehydrated in an ascending alcohol series and 
infiltrated and embedded in epon 812. The tissues were thick sectioned 
on a glass knife and stained with 1% Toluidine blue in 1% aqueous Na 
2 borate. Thin sectioning was done on a LKB ultratone the sections 
were stained with 2% methanolic uranyl acetate and Reynold's lead 
citrate (15). 
Utilizing the technique described by Halvorsen (16), selected 
sections from the hematoxylin and eosin stained sections were processed 
for electron microscopy to demonstrate the presence of viral particles. 
These procedures were done on the testis. 
^Hitachi Scientific Instruments. Lambard, 111. 
2 
LKB Instruments, Inc. Gaithersburg, MD. 
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RESULTS 
All animals* body temperatures were in excess of 40.5C for a period 
of 9 days PI. 
During the initial period PI the boars were depressed, anoretic, 
reluctant to move and ataxic when they were forced to move. These 
clinical signs lasted for the duration of the temperature elevation. 
One boar became extremely pale 2 weeks PI and died on day 21 PI. The 
remaining boars never recovered to full strength following clinical 
disease although rectal temperatures remained normal following the 
initial PI weeks. 
Virology 
All inoculated animals (4/4) developed SN antibody titers against 
PRV. The titer's ranged from 1:16 to 1:64. Virus was not isolated from 
the semen or testicles of inoculated boars. Nasal swabs taken one day 
after castration (75 day PI) were positive on VI for PRV in all 3 boars. 
The trigeminal ganglia in all boars were positive on VI but the spleen, 
tonsil and brain were negative for virus on VI and FAT. 
Gross lesions 
One boar had a mucopurulent nasal discharge. The pleural surfaces 
of the lungs were covered with a thick layer of fibrin and fibrin tags 
adhered to the thoracic wall. There was consolidation of the cranio-
ventral lung lobes. The interlobular septa were edematous and purulent 
exudate could be squeezed from the bronchioles. Pasteurella multocida 
was isolated from the lungs. 
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The stomach of the boar that died 21 days PI contained a massive 
blood clot. This blood came from an ulcer in the pars esophagus. Blood 
was also present in the lumen of the duodenal portion of the small intes­
tine . 
Abscesses were located in the subcutaneous layers near the 
surgical sites and around the scrotum after castration in all the boars. 
The remainder of the viscera and reproductive tracts of all the 
boars were grossly normal. 
Microscopic lesions 
The body systems that contained microscopic lesions were the 
central nervous, respiratory and reproductive systems. 
In the reproductive system, lesions were observed in the preputial 
sheath and testicles. Preputial lesions were typified by multifocal sub­
epithelial lympho-histiocytic aggregates with a few eosinophils. Collagen 
fibers adjacent to these cellular aggregates were loosely arranged due to 
edematous fluids. Inclusion bodies were not seen in the lympho-histiocytic 
aggregates. 
The testicular lesions were limited to surgical sites. Portions 
of suture material present in the tunica albuginea were surrounded by 
fibroblasts, macrophages, neutrophils and multinucleated giant cells. 
The seminiferous tubules in the immediate area were surrounded by and 
invaded with neutrophils. There was vacuolization and degeneration 
of the Sertoli cells. The fibrous tissue surrounding testicular lobules 
was edematous. Dilation of the lymphatics was commonly seen in the con­
nective tissue throughout the testicular parenchyma. 
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In the tonsils, there were multiple crypt abscesses composed of 
desquamated stratified squamous epithelial cells and degenerating 
neutrophils. The gastric mucosa of one boar had a necrotic and 
ulcerated lesion at the stratified squamous epithelial-mucosal junc­
tion. The lamina propria contained blood and neutrophils. The lung 
sections were characterized by diffuse interstitial thickening. Another 
boar had a diffuse fibrinopurulent bronchopneumonia. The alveoli con­
tained a homogenous eosinophilic material, fibrin, macrophages, lympho­
cytes, plasma cells, neutrophils and necrotic debris. 
The central nervous system was characterized by a nonsuppurative 
meningoencephalitis and ganglioneuritis. There were focal areas of 
demyelination, necrosis and malacia within the brain. Neuronal changes 
were present in all boars. The changes consisted of neuronophagia, 
perineuronal gliosis and central chromatolysis. Perivascular cuffs 
were disseminated throughout the neuroparenchyma. The cuffs varied in 
thickness, depending upon location. The thicker cuffs were more com­
monly observed in the brain sterr.. These perivascular cuffs were com­
posed primarily of lymphocytes and plasma cells, with some histiocytes 
and eosinophils. Mitotic figures observed in the cuffs were suggestive 
of local proliferation of cells. The meninges also contained moderate 
numbers of lymphocytes, plasma cells and histiocytes. 
In the trigeminal ganglia, the reaction was similar to that in the 
brain. Axonal swelling and myelin balls were observed. The majority of 
the cellular infiltrate localized around degenerating neurons and nerve 
fibers. Inclusion bodies were not observed. 
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The lesions in the spinal cords were limited to lympho-histio-
plasmatic perivascular cuffs. These cuffs were small and limited to a 
few cells. 
The tonsils contained necrotic debris in the tonsillar crypts; 
inclusion bodies were not present. This necrotic debris was composed 
of desquamated stratified squamous epithelial cells, neutrophils and 
bacterial colonies. The remaining tissues did not contain microscopic 
lesions. 
Semen results 
The volume of semen varied throughout the study (5 ml to 63 ml). 
Pseudorabies virus did not have a consistent effect on total sperm pro­
duction. 
During the peak febrile response, one boar's semen had poor viability 
and another boar's semen contained numerous spermatids. The remaining 
samples were within normal limits which are more than 70% progressive 
motility, less than 10% primary abnormalities and less than 25% second­
ary abnormalities. 
Electron microscopy 
Neither viral particles nor lesions were demonstrated in the sections 
of testis fixed in glutaraldehyde. or in selected sections from the hema­
toxylin and eosin stained sections. 
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DISCUSSION 
The 4 boars in this study had evidence of PR. Pseudorabies virus 
was not isolated from the testicular biopsies or the semen of any of the 
inoculated animals. All animals seroconverted for PR antibodies 2 weeks 
PI. 
Exsanguination resulting from ulceration of the par esophagus was 
determined as the cause of death in the boar that died 21 days PI. 
Nasal swabs taken after castration were positive for PRV on VI. 
Stress and endogenous corticosteroid release due to the trauma assoc­
iated with surgery may have resulted in a transient lymphopenia which 
would depress the cellular immune response, thus allowing reactivation 
of virus. How the latent virus reactivates remains the central enigma of 
herpes. Shedding of virus in this study occurred without immunosuppres­
sant treatment. Similar findings have been reported by Davies and Beran 
(17), and Nikitin (18). These authors isolated PRV from previously 
infected and clinically recovered animals. 
In one boar's semen, poor motility of the spermatozoa was observed. 
This is believed to be a result of the elevated temperature (19). 
Another boar had a large number of round spermatids which are cells 
with cytoplasm and nonelongated nuclei. The presence of round sperma­
tids suggests that there was damage to the seminiferous tubules and 
more specifically to the Sertoli cells, because it is their function to 
phagocytize these portions of cytoplasm (20). 
During the remainder of the study, the semen samples were normal. 
Virus was not isolated from the semen samples by Methods A or B described 
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in this paper. Virus was isolated from positive control semen samples by 
Method A and not by Method B. This is in disagreement with recent pub­
lications on the isolation of PRV from boar semen (3). 
Gross lesions were not present in the testicle and epididymis of 
the boars in this study. This is in agreement with other workers who 
saw no gross lesions in these organs during an outbreak of PRV (8). One 
author noted scrotal edema in boars during an outbreak of PRV (5). This 
is in disagreement with our findings. 
Because of the interaction of boars housed together, we believe 
that the subepithelial lymphoid nodules in the preputial sheaths resulted 
from virus being inoculated at this site during nasal-genital contact of 
the boars during the initial stages of viral inoculation. Indications are 
that the preputial sheath is an ideal site for viral replication (2). 
However, these lesions in the prepuctial sheath may have resulted from a 
systemic infection, further study on these changes are needed for con­
clusive evidence. 
One author reported that testicular degeneration occurred after 
inoculation with PRV (6) another author (7) reported focal necrosis of 
testicular tissues with intranuclear inclusion bodies in cells at the 
periphery of necrotic foci and in endothelial cells of blood vessels in 
the necrotic foci. We were unable to demonstrate any of these lesions 
in the testicular tissue of our boars at any stage of the infection. 
There were focal granulomas present in the tunica albuginea 
characterized by the presence of neutrophils, macrophages, prolif­
erating fibroblasts and multinucleated giant cells surrounding suture 
material. Some of the inflammatory process extended into adjacent 
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testicular parenchyma resulting in degeneration of the seminiferous 
tubules. These granulomas were in association with surgical sites 
where biopsy samples were taken. 
In the boar that had a purulent disseminated bronchopneumonia, 
inclusion bodies were not seen in any pulmonary tissue. This differs 
from findings of other authors (21,22) who found intranuclear inclusion 
bodies in respiratory epithelium. 
The central nervous system lesions were similar to those which have 
been reported in the literature previously (22-25). 
Various attempts to induce shedding of PRV from the pig through 
artifically induced anaphylaxis and diet changes or by cortisone treat­
ment have been unsuccessful (26,27). However, workers have reported 
experimental recrudescence of virus in pigs after adenocorticotropic 
hormone and dexamethasone or dexamethasone alone (28,29). The isolation 
of virus from the nasal cavity following castration indicates that stress, 
along with the possible lack of hormonal influence (Testosterone) causes 
shedding of virus. Therefore, boars that are seropositive for PRV anti­
bodies should not be castrated and immediately shipped to fattening houses 
because they may serve as sources of infections to susceptible swine. 
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GENERAL DISCUSSION AND CONCLUSIONS 
Inoculation of mature boars either IN or IP did not result in 
shedding of PRV in the semen. These findings differ from recent reports 
of other investigators, who have isolated PRV from boar semen in natural 
(20) and experimental infections (21). It should be noted, however, that 
the virus used was of the European strain which may be more invasive than 
the American strain. 
Pseudorabies virus was isolated from the prepuce of intrapreputially 
inoculated boars 12 days PI. This would indicate that local multiplica­
tion of virus may occur at this site and may be a source for spread to 
susceptible gilts and sows. Isolation of virus from the prepuce in these 
animals agrees with previous reports (97). 
Although PRV was not isolated from the semen, the preputial sheath 
may serve as a site for viral multiplication and excretion. It appears 
that when PRV is introduced into the reproductive system it may localize 
in the sacral ganglia similar to herpsevirus in man, however, further 
studies in animals are needed to varify this. 
Semen abnormalities were observed in both groups of boars. The 
initial changes seen occurred 10 to 14 days PI and were primarily 
reversed coiled and bent tails and retained distal cytoplasmic droplets. 
By 4-weeks PI, head abnormalities were manifested by cystic acrosome, 
detached heads and double heads. Dexamethasome and ACTH treatments did 
not have any noticeable effect on sperm morphology. The tail abnormal­
ities were seen after the initial elevation of body temperature and are 
a result of temperature elevation. Studies have indicated that elevated 
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body temperature affects spermatozoa present in the seminiferous tubules 
and may render the animal infertile. Although these animals never re­
gained their full strength they were able to sire normal litters. 
Testicular biopsies were performed on 4 young boars after IN inocu­
lation with PRV. Virus was not isolated from the semen or testicular 
tissues at any time during the experiment. This finding agrees with 
other reports from the United States (98, 99) but disagrees with 
reports from Europe (20, 21). Following castration virus was isolated 
from nasal swabs indicating that stress from the surgery results in 
natural immunosuppression and shedding of virus. Workers have isolated 
virus from a sow after parturition and attributed the shedding of virus 
to stress (70). 
A study of the acute infection in young boars was done to evaluate 
the microscopic changes in the reproductive system. Gross lesions were 
absent in all the boars. Microscopic lesions were limited to the preputial 
sheath, penis and epididymis. These lesions were typified by multiple 
lymphohistiocytic nodules with a few eosinophils in the subepithelial 
tissues of the preputial sheath and penis and perivascular lympho­
histiocytic nodules in the epididymis. The nodules in the preputial 
sheath and penis were attributed to virus spread by nasal-genital contact 
between the boars and/or systemic viral spread. 
Similar nodules in the preputial sheath have been reported in dogs 
naturally infected with canine herpesvirus (117). In this study the IN 
inoculated boars did not have lympho-histiocytic aggregates in there 
preputical sheaths. 
I6l 
Although one author (96) reported focal necrosis of testicular 
tissue and the presence of intranuclear inclusion bodies in cells at 
the periphery of the necrotic foci in pigs inoculated with PRV, our 
findings were in disagreement with his. 
Pseudorabies virus was IN inoculated in 10 pregnant gilts on the 
45th day of gestation. Four gilts aborted 6-12 days PI. Pseudorabies 
virus was isolated from the placenta of one aborted gilt which indicates 
that virus crossed the placental barrier. This finding is in agreement 
with findings by other authors (22,76). The microscopic changes observed 
in the aborted tissues were similar to those previously reported (75, 
115). Pseudorabies virus was demonstrated in aborted tissue. Another 
group of pregnant gilts were IN inoculated with PRV and a group of open 
gilts were inoculated lU with semen containing PRV. Four of the IN 
inoculated pregnant gilts aborted 4, 10, 12 and 15 days PI. Virus was 
isolated from the fetal membrane of the gilt that aborted on day 12 PI. 
Virus was demonstrated on electron microscopy of the fetal membrane. 
This finding agrees with previous reports ( 2 2 , 7 3 , 1 1 5 ) .  The isolation 
and demonstration of virus in the fetal tissues, suggest that this 
strain of PRV can cross the placenta barrier. None of the lU inocu­
lated gilts aborted. Tonsillar tissues in this lU inoculated group 
contained eosinophilic intranuclear inclusion bodies. Similar inclu­
sion bodies were also seen in the adrenal gland. This suggests that 
when virus is introduced into the uterus it replicates and eventually 
spreads throughout the body. The primary routes (neural, blood, lymph) 
of spread from the uterus still need to be identified. 
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Most of the aborted placentas had varying degrees of necrotic 
placentitis. The lesions were characterized by coagulative necrosis of 
the chorionic fossae with intranuclear inclusion bodies in the de­
generating trophoblasts. With the resulting damage and separation of 
the trophoblasts from the endometrium, abortion may be due to lack of 
nutritive materials and oxygen from the dam and to a minimal extent the 
lack of secretion of progesterone by the placenta. 
Numerous viral particles, ultrastructurally similar to herpesvirus, 
were observed by electron microscopy in the nuclei and cytoplasm of 
affected degenerating trophoblasts and hepatocytes of the fetus. This 
infection of the fetus may be secondary to the changes in the placenta, 
however abortion may be the result of impaired fetal endocrine function 
due to viral infection. The findings in these studies strongly indi­
cate that the placental lesions and abortions were a primary effect of 
PRV. 
The central nervous system lesions seen in all the animals in 
this study are similar Lo previous reports (26,30,31,36,73). 
Lesions were commonly observed and virus isolated from the lung 
of pregnant gilts that had a bacterial pneumonia. However, inclusion 
bodies were not observed. This is in agreement with other authors 
except they noted inclusion bodies in respiratory epithelial cells 
(35,43). 
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lake after periods of precipitation. However, the turbidity values also 
fluctuate in the north and south gravel-pit lakes during the course of 
this study. Since these two lakes are actively being mined for sand 
and gravel, it is not surprising that th^ would have fluctuating tur­
bidity values. The drag-line used in the excavation process stirs up the 
bottom sediments when extraction is taking place increasing the turbidity. 
Orthophosphate During the course of this study, the concentra­
tions of orthophosphate in the north and south gravel-pit lakes were 
similar, never being greater than 0.05 mg/1 as PO^ different from each 
other, whereas the concentrations in the west gravel-pit lake increased 
dramatically during periods of precipitation (Figure 23). Both the south 
and west gravel-pit lakes thermally stratify and have anoxic hypolimnions 
during the summer. The increase in orthophosphate concentrations can not 
be attributed to releases from the sediments under anoxic conditions be­
cause the concentration does not increase in the south gravel-pit lake 
during the same time period. 
Total nitrogen The comparison of total nitrogen concentrations 
in the bottom waters between the three gravel-pit lakes is presented in 
Figure 24. The general trend of the concentrations increasing dramat­
ically after periods of precipitation in the west gravel-pit lake is not 
seen with total nitrogen. Overall, the total nitrogen concentrations are 
highest in the west gravel-pit lake and lowest in the north gravel-pit 
lake with the south gravel-pit lake being intermediate. 
Chemical oxygen demand The chemical oxygen demand values in the 
three gravel-pit lakes behaved similar to the total nitrogen concentra­
tions (Figure 25). While there is some indication of increased values 
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after periods of precipitation In the west gravel-pit lake, the trend 
is not as pronounced as the fecal coliform bacteria and orthophosphate. 
Overall, the chemical oxygen demand values are similar in the south and 





One proposed use for the Hallett Quarry gravel-pit lake system Is to 
use It as a supplemental water supply source for the City of Ames, Iowa. 
The northeast and southeast portions of the Ames' municipal well field 
are recharged by the South Skunk River near 13th Street and the west and 
south portions are recharged by Squaw Creek. The average discharge of 
the South Skunk River near (just upstream of) Ames Is 4.3 cms (152 cfs) 
(nSGS, 1981). This flow does not Include the Squaw Creek tributary which 
discharges Into the South Skunk River southeast of Ames. 
The average water demand for the City of Ames In 1976 was 0.28 cms 
(9.7 cfs). This water demand Is projected to Increase to 0.61 cms 
(21.5 cfs) by the year 2020. Comparison of the water demand values to 
the average discharge Illustrates that the City of Ames will use from 6 
to 14 percent of the average flow In the South Skunk River for Its water 
supply and should have sufficient water for either direct withdrawal use 
or Indirect groundwater recharge purposes. However, this Is not the case. 
Inspection of the flow-duration data and curve for the South Skunk 
River near Ames shows that the percent of the time when the present and 
projected future water demands are equaled or exceeded by the stream dis­
charge range from 75 to 63 percent (INRC, 1979). Conversely, the percent 
of time when the discharge of the South Skunk River is below the water 
demand for Ames ranges from 25 to 37 percent of the time. This means 
that over extended periods of time, the aquifer serving Ames is partially 
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dewatered. The Hallett Quarry gravel-pit lake system can serve as a 
long-term source of water to recharge the aquifer, as it was indicated 
in 1977. 
Two analyses were conducted to determine the amount of storage which 
is needed to supply a flow of 0.085, 0.142, and 0.227 cms (3, 5, and 8 
cfs). The two analyses consisted of a period of record analysis and a 
frequency analysis. The three flow rates were chosen because it was felt 
that a flow rate of 0.085 cms (3 cfs) would be the minimum amount needed 
to recharge the municipal well field, 0.142 cms (5 cfs) was a maximum 
amount needed to recharge the municipal well field when the new low head 
dam is in place, and 0.227 cms (8 cfs) would recharge the present munici­
pal well field and provide additional recharge capacity for the new south­
east well field. 
Historic analysis 
The worst experienced low flow period of record for the South Skunk 
River was the period from July, 1955 to January, 1957. A Rlppl diagram, 
which is a graph of accumulated inflow plotted against time, was con­
structed for this period (Figure 26). While Rippl diagrams are used for 
on-stream reservoir sizing, it was felt that it could be applied to the 
off-stream Hallett Quarry gravel-pit lake system with the understanding 
that the expected recovery of the system would not be as rapid as the 
diagram but would occur at or near the same point in time. Groundwater 
seepage from the alluvium around the perimeter of the Hallett Quarry 
gravel-pit lake system was not included in this analysis. From the Rippl 
diagram, the volume of storage %Aich is needed to supply each of the 
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Figure 26. Rippl diagram, historic low flow analysis. 
South Skunk River near Ames 
three draft rates of interest were obtained. To obtain these values, 
lines with slopes equal to the draft rates are drawn on the Bippl diagram 
from the point of tangency. The needed storage volume is the mavîTOinn 
distance between the draft rate line and the Rippl diagram line. Table 16 
presents these values. 
Frequency analysis 
Frequency methods have been developed for providing both the magnitude 
and frequency of low flows in Iowa streams for selected durations of days. 
Using the methods outlined in the Iowa Natural Resources Council (INRC) 
Bulletin No. 10 (INRC, 1970) and the magnitude and frequency values for 
the 20-year recurrence interval for the South Skunk River near Ames from 
INRC Bulletin No. 13 (INRC, 1979), a 20-year frequency mass curve was con­
structed (Figure 27). Additional data for the 365-day duration were ob­
tained from the United States Geological Surv^ (US6S) who prepared both 
of the INRC bulletins. The three draft rate lines were added to this curve 
to determine tlie amount of storage which is needed in order to meet these 
draft rates. The storage volume needed is again obtained by noting the 
point at lAich the two lines are farthest apart. Table 16 presents these 
volumes also. 
The present volume of water at Hallett's Quarry is 2.43 x 10 cubic 
meters (1,972 acre-feet). This would be enough to supply at least a draft 
rate of 0.142 cms (5 cfs) for both the historical and 20-year recurrence 
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Figure 27. Frequency-mass curve and draft storage lines for 20-year recurrence interval 
low flows, South Skunk River near Ames 
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Table 16. Required storage volumes needed to meet draft rates in the 
historic and frequency analyses 
Draft rate Volume of storage needed 
Historical flow analysis 







1.33 X 10^ m^ 
1080 acre-ft 
2.40 X 10® *3 
1940 acre-ft 
4.48 X 10® m^ 
3625 acre-ft 
C O 
20-year recurrence interval 0.085 cms 0.93 x 10 m 
low flow analysis 3 cfs 750 acre-ft 
0.142 cms 1.81 X 10® m^ 
5 cfs 1465 acre-ft 
0.227 cms 3.13 x 10® m^ 
8 cfs 2535 acre-ft 
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rate. It is projected that the future volume of water at Hallett's 
Quarry will be 6.15 x 10® cubic meters (4,982 acre-feet) when the planned 
excavation is completed. This volume would be enough to supply the 
0.227 mna (8 cfs) draft rate for both the historic and 20-year recurrence 
interval low flow periods. It is concluded from these analyses that the 
Hallett Quarry gravel-pit lake system has and will have sufficient storage 
volume to adequately serve as a supplemental water supply source for the 
City of Ames. Water from the gravel-pit lake system could be used to re­
charge the groundwater aquifer and well system or it could be piped 
directly from the gravel-pit lake system to the municipal water treatment 




Several investigators have demonstrated that the total phosphorus 
concentration of natural lakes can be an important Indicator of lake 
trophic state, chlorophyll ^  concentrations and water clarity (Dillon, 
1975; Dillon and Rigler, 1975; Jones and Bachmann, 1976). Out of these 
relationships, simple empirical models to predict lake total phosphorus 
concentrations have been developed. The use of these input-output models 
requires only data on annual phosphorus loads, hydraulic flushing rates 
and lake morphometry. Since only a minimml amount of data is needed, 
lake managers have been using these models as decision aids for lake 
restoration. Uttormark and Hutchins (1980) evaluated three of these in-
put-output models for their applicability of predicting changes in trophic 
93 
state with changing nutrient inputs. Th^ concluded that for at least 
70 percent of their study lakes, accurate predictions of the general 
trophic state were made. 
Canfield and Bachmann (1981), using data from 316 natural and arti­
ficial lakes, developed a relationship for the phosphorus sedimentation 
coefficient in the general Vollenweider model: 
® - ZÎÔVPT 
wnere 
TP = total phosphorus concentration in the lake 
water, mg/m^ 
L = annual phosphorus loading per unit of lake 
surface area, mg/m /yr 
Z = mean depth of the lake, m 
O = phosphorus sedimentation coefficient, yr 
p = hydraulic flushing rate, yr 
Their relationship is: 
a = 0.129 (L/Z)°*^ ® (5) 
for all lakes, natural and artificial. This overall relationship can 
be divided into two distinct relationships, one for natural lakes and 
one for artificial lakes. These relationships are: 
a = 0.162 (L/Z)°'*58 (6) 
for natural lakes, and 
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a = 0.114 CL/Z)°'5*9 (7) 
for artificial lakes. They tested the abilities of these and other 
published empirical phosphorus loading models to predict measured in 
lake total phosphorus concentrations. The results of their investigation 
revealed that the models that they had developed had the smallest 95 per­
cent confidence limits of all of the tested empirical input-output models. 
The purpose of this part of the study was to apply the modified 
VoUenweider input-output model developed by Canfield and Bachmann to 
the Hallett Quarry watershed and gravel-pit lake system in order to dé­
termine the impact of various land use, drainage and lake confIguratlons 
on future water quality. Two lake types, four drainage networks and three 
land use scenarios were Investigated. This resulted in 24 predictions of 
the water quality. 
Description of scenarios 
The two lake types investigated consisted of a single lake as pro­
posed by the Hallett Construction Company and a two lake system as pro­
posed by Dougal and Antosch (1980) in an earlier progress report to the 
City of Ames. 
The drainage networks considered were the ones which seemed the most 
realistic to the author. They consisted of: 
A. all of the drainage discharges into the lake or lake 
system (Figure 28), 
B. the discharge from the south is bypassed while the 
discharge from the north discharges into the lake or 








Figure 29. Drainage scenario B, southern drainage bypasses single lake (B-1) and south 
lake (B-2) 
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G. the same as B except the discharge from the north 
Is detained at Eisenhower Avenue before It discharges 
into the lake or lake system (Figure 30), and 
D. all of the drainage discharge is bypassed away from 
the lake or lake system (Figure 31). 
The detention of the northern drainage at Eisenhower Avenue was in­
cluded because it would reduce the sediment and nutrient load to the lake 
or lake system. From research conducted across the United States, it has 
been found that from 31 to 80 percent of the inflow stomwater total 
phosphorus is retained by small reservoirs (6111 et al., 1976; Schrelber 
and Rausch, 1979; Ahem et al., 1981; Rausch and Schrelber, 1981; 
Schrelber et al., 1981). For the purpose of this study, it has been 
assumed that the construction of a stormwater detention reservoir at 
Elsenhower Avenue will reduce the total phosphorus load from the northern 
drainage stream by 60 percent. 
The three land use scenarios used were the present 1981 land use, 
the projected 2020 land use, based on personal communication with the 
City of Anes Planning and Zoning personnel, and an ultimate land use of 
total urbanization of the Hallett Quarry watershed. While total urbani­
zation may not seean realistic. It was chosen here to represent the "worse" 
case In terms of impact on future water quality. 
Sources and esMmatlon of phosphorus loads 
The sources of phosphorus to the Hallett Quarry gravel-pit lake 
system were assumed to be groundwater, direct precipitation and surface 
runoff. All other sources were assumed to be negligible. During the 
_5 E g 
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Figure 30. Drainage scenario C, southern drainage bypasses while northern drainage is 





Figure 31. Drainage scenario D, ail drainage bypasses single lake (D-1) and south 
lake (D-2) 
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course of this study, groundwater quali^ samples were obtained from 
private wells north of the Hallett Quarry gravel-pit lake system. The 
total phosphorus concentration of the groundwater was found to be 
0.156 mg P/1. In their study of the geology and geohydrology of the 
Ames Reservoir site, Sendleln and Dougal (1968) determined that the 
average annual groundwater flow through the burled channel aquifer Is 
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1.098 X 10 liters (1.23 cfs). This volume multiplied by the observed 
phosphorus concentration provides an estimate of the groundwater contri­
bution to the amina] total phosphorus load. 
The average annual precipitation for Ames, Iowa is 812.8 mm. Jones 
(1981), in his work on nonpolnt source phosphorus loadings to Iowa rivers 
and lakes, used an average phosphorus concentration of 0.074 mg P/1 for 
Iowa precipitation. An estimate of the precipitation contribution to the 
total phosphorus load can be made by multiplying the average annual amount 
of precipitation for Ames, Iowa by the surface area of the lake in ques-. 
tlon and then this value by the average phosphorus concentration of Iowa 
precipitation. 
The below normal precipitation experienced during the course of this 
study provided few opportunities for direct measurement of stormwater 
phosphorus loading to the Hallett Quarry gravel-pit lake system. To over­
come this problem, the watershed nutrient export coefficient approach for 
estimating phosphorus loads was used. The use of this approach requires 
knowledge of the types and percentages of major land uses within the water­
shed. Uttormark et al. (1974) concluded in their study that delineation 
of land usage beyond urban, forest, agricultural and wetlands can not be 
justified due to the observed variation of the data. An estimate of the 
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total phosphorus load from surface runoff can be made by multiplying the 
watershed nutrient export coefficient by the area of the watershed under 
that land usage. Table 17 presents the watershed nutrient export co­
efficients used in this study. The area of the Hallett Quarry watershed 
under each type of land use for the three land use scenarios is presented 
in Table 18. 
Table 17. Watershed nutrient export coefficients^ 







After TTttormark et al., 1974. 
Table 18. Area in square meters of Hallett Quarry watershed under each 
































The estimated total phosphorus load for each sceaorio is presented 
in Table 19. In the single lake scenarios, the total phosphorus load was 
obtained by summing the contributions from the groundwater, direct pre­
cipitation on the lake surface and surface runoff. The same procedure 
was used in the split lake system for the south lake. In the north lake 
however, only the contributions from groundwater and direct precipitation 
were used. This most lHôely gives a conservative estimate for the north 
lake since some surface runoff probably will enter this lake from the area 
to the west of the Oak's Golf Course. 
Table 19. Estimated total phosphorus load (g P/yr) for the various lake 
type, land use and drainage scenarios 
Present land 2020 land Ultimate land 
use use use 
One lake 
A-1 639,426 763,746 1,581,668 
B-1 390,786 390,786 1,115,468 
C-1 282,472 282,472 572,345 
D-1 210,263 210,263 210,263 
Two lakes 
North 184,701 184,701 184,701 
South 
A-2 626,013 750,333 1,568,255 
B-2 377,373 377,373 1,102,055 
C-2 269,059 269,059 558,932 
D-2 196,850 196,850 196,850 
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Estimated morphological and hydrologlcal features 
The use of the Canfield and Bachmann modified Vollenwelder Input-
output model requires knowledge of certain morphological and hydro­
loglcal features of the water body to which It Is to be applied. The 
needed Information Includes surface area, mean depth and hydraulic flush­
ing rate. This Information had to be estimated, based on the morpholog­
ical and Igrdrologlcal features of the present gravel-pit lakes, because 
the lake and lake system to ^ Alch the model is to be applied are non­
existent at the present time. The estimated morphological and hydro-
logical features for the future final lake and lake system are presented 
In Table 20. 
Table 20. Estimated morphological and hydrologlcal parameters of the 
future final lake and lake system at Eallett's Quarry 
One lake Two lakes 
South North 
Surface area 64.8 ha 42.5 ha 22.3 ha 
Volume 6.15 X lO^m^ 4.19 x lofm^, 1.95 x lofm^-
2.17 X 10**ft^ 1.48 X 10°ft^ 0.69 x 10°ft^ 
Mean depth 9.5 m 9.9 m 8.8 m 
31 ft 32 ft 29 ft 
%rdraullc flushing rate 
A 0.47 yr~^ 0.63 yr~^ 0.71 yr~^ 
B 0.40 0.52 0.71 
C 0.40 0.52 0.71 
D 0.25 0.34 0.71 
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Input-output model application 
The Canfleld and Bacfamann modified Vollenweider input-output model 
was applied to the Hallett Quarry gravel-pit lake system. This model 
is in the form: 
 ^ Z (a + p) 
fAiere 
TP = total phosphorus concentration in the lake water, 
mg/m3 
L = annual phosphorus loading per unit of surface area, 
mg/m2/yr 
Z = mean depth of the lake, m 
a = phosphorus sedimentation coefficient, yr ^ 
=0.162 CL/Z)°'458 (6) 
-1 p = hydraulic flushing rate, yr . 
Table 21 presents the values for L '«diich were obtained by dividing 
the armiifll phosphorus load for each scenario by the surface area of the 
lake in question. The calculated values for O are presented in Table 22 
and the predicted values for TP from the model are presented in Table 23, 
It should be noted that the 95 percent confidence limits for this model 
are 31 to 288 percent of the predicted in lake total phosphorus concen­
tration. 
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Table 21. L, annual phosphorus load per unit lake surface area, 
mg/mZ/yr 
Present land 2020 land Ultimate land 
use use use 
One lake 
A-1 987 1,179 2,440 
B-1 603 603 1,721 
C-1 436 436 883 
D-1 325 325 325 
Two lakes 
North 828 828 828 
South 
A-2 1,473 1,765 3,690 
B-2 888 888 2,593 
C-2 633 633 1,315 
D-2 463 463 463 
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Table 22. a, phosphorus sedimentation coefficient, a = 0.162 (L/Z)^*^^® 
Present land 2020 land Ultimate land 
use use use 
One lake 
A-1 1.36 1.48 2.04 
B-1 1.09 1.09 1.75 
C-1 0.93 0.93 1.29 
D-1 0.82 0.82 0.82 
Two. lakes 
North 1.30 1.30 1.30 
South 
A-2 1.60 1.74 2.44 
B-2 1.27 1.27 2.08 
C-2 1.09 1.09 1.52 
D-2 0.94 0.94 0.94 
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Table 23. TP, predicted in lake total phosphorus concentration, mg/m 
Present land 2020 land. Ultimate land 
use use use 
One lake 
A-1 56.8* 63.9 101.7 
B-1 42.7 42.7 84.2 
C-1 34.4 34.4 55.0 
D-1 32.0 32.0 32.0 
Two lakes 
North 46.8 46.8 46.8 
South 
A-2 66.7 75.2 121.4 
B-2 50.1 50.1 100.9 
C-2 39.8 39.8 65.1 
D-2 36.5 36.5 36,5 
Ninety-five percent confidence limits are 31 to 288 percent of the 
predicted in lake total phosphorus concentration. 
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Jones and Bacfanann (1976), using data from 143 lakes covering a 
broad range of trophic states, demonstrated a high correlation 
(r = 0.95) between measured in lake total phosphorus concentrations and 
the average July-August chlorophyll_a concentrations. Their relation­
ship is presented in Figure 32. Using the regression line for this re­
lationship, 
log (chlorophyll a) = -1.09 + 1.46 log (total phosphorus), (8) 
the predicted values for in lake total phosphorus concentrations from the 
Canfield and Bachmann modified Vollenweider input-output model were used 
to generate predicted values of chlorophyll ^  concentrations. These 
values are presented in Table 24. The chlorophyll ^  concentrations ob­
served during this study, while being for a different gravel-pit lake 
system than that to which the model was applied, fall within the 95 per­
cent confidence range of the predicted chlorophyll ^  concentration. This 
indicates that the predicted total phosphorus and chlorophyll a concen­
trations are realistic. A management plan to optimize the future water 
quality (based on chlorophyll a concentrations) of the Hallett Quarry 
gravel-pit lake or lake system can now be developed by using the results 
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Figure 32. Relationship between summer chlorophyll ^  concentration 
and measured total phosphorus concentration 
(Redrawn from Jones and Bachmann, 1976) 
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Table 24. Predicted chlorophyll a concentrations (mg/m ) based on 








A-1 29.6* 35.2 69.3 
B-1 19.5 19.5 52.6 
C-1 14.2 14.2 28.2 
D-1 12.8 12.8 12.8 
Two lakes 
North 22.3 22.3 22.3 
South 
A-2 37.4 44.6 89.7 
B-2 24.6 24.6 68.5 
C-2 17.6 17.6 36.1 
D-2 15.5 15.5 15.5 
Ninety-five percent confidence limits are 31 to 288 percent of the 
predicted chlorophyll a concentration. 
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Water quality management plan 
The results of the application of the Canfield and Bachmann modi­
fied Vollenweider input-output model to the Hallett Quarry area (Table 
24) indicate that changes in the watershed land use, drainage and lake 
configuration can have a large impact on the future water quality of the 
Hallett Quarry gravel-pit lake system. As the land use of the watershed 
changes from primarily agricultural to urban (present to ultimate land 
use), the chlorophyll a concentration in the gravel-pit lake system is 
predicted to increase up to 65 percent due to the increased phosphorus 
export from the watershed. Diversion of the drainage around the gravel-
pit lake system would reduce the phosphorus load into the system. It is 
predicted that this reduction in phosphorus load would reduce the chloro­
phyll a concentration up to 83 percent depending upon how much drainage 
is diverted, the land use and lake configuration considered. 
It is also predicted that the larger single lake would have chloro-
plqrll & concentrations vdxich are 17 to 23 percent lower than the smaller 
southern lake in the split lake system. The reduction in the aerial phos­
phorus load due to the larger surface area of the single lake seems to be 
the determining factor for this because it decreases at a faster rate than 
the mean depth, phosphorus sedimentation coefficient and hydraulic flushing 
rate as lake size Increases. This means that as the size of the lake in­
creases, the numerator in the input-output model relationship decreases 
at a faster rate than the denominator resulting in lower in lake total 
phosphorus and chlorophyll ^  concentrations. 
It is concluded that the future water quality at Hallett's Quarry 
is dependent upon two factors, lake configuration and nutrient input. 
The size of the future final lake at Hallett's Quarry can have an in­
fluence on the water quality but it is only a minor influence when it is 
compared to Àe nutrient input. It appears at this time that the best 
management plan to implement in order to optimize the future water quality 
at Hallett's Quarry is to reduce the nutrient inflow into the system. 
This can be accomplished by either (1) bypassing as much of the drainage 
as possible around the gravel-pit lake system or (2) detaining the storm-
water before it empties into the gravel-pit lake system to settle out sed­
iment, phosphorus, fecal coliform bacteria, etc. In the opinion of the 
author, bypassing the drainage would be the better of the two alterna­
tives because stormwater runoff contains heavy metals, hydrocarbons, 
herbicides, pesticides, road salt and many other pollutants \diich would 
not be desirable to have discharged into a supplemental municipal water 
supply source. 
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CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
The water quality of the three gravel-pit lakes at Hallett's Quarry 
and the west gravel-pit lake at Peterson's Quarry was monitored for a 16 
month period starting in late June, 1980 and ending in late October, 1981. 
The four studied gravel-pit lakes were found to be eutrophic, exhibiting 
annual temperature and dissolved oxygen cycles which are characteristic 
of north ten^erate, cool, dimictic eutrophic lakes. The degree of eutro-
phication is different in each of the studied gravel-pit lakes and when 
ranked from least eutrophic to most eutrophic the following order is ob­
tained: Hallett-North Pit, Hallett-South Pit, Peterson-West Pit, Hallett-
West Pit. It is interesting to note at this time that while all four of 
the gravel-pit lakes are eutrophic, they are not as productive as other 
water bodies located on the Wisconsin glacial sheet in central Iowa. 
Water quality differences were found to exist between the west gravel-
pit lake at Peterson's Quarry and the three gravel-pit lakes at Hallett's 
Quarry. Of the 18 tested parameters, 8 were found to be significantly 
different at the 90 percent significance level. Total solids, plant nutri­
ents and soluble silica concentrations are lower in the west gravel-pit 
lake at Peterson's Quarry while BOD, chloride and corrected chlorophyll a 
concentrations are higher. 
Differences were also found in the water quality of the three Hallett 
Quarry gravel-pit lakes. The north and south gravel-pit lakes have similar 
water quality and are different from the west gravel-pit lake. The west 
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\gravel-plt lake has significantly higher concentrations of BOD, COD, 
plant nutrients and fecal coliform bacteria than the north and south 
gravel-pit lakes. 
The stormwater water quality portion of this study was reduced in 
magnitude due to the lack of runoff producing precipitation. During this 
study, the Hallett Quarry watershed received from 65 to 78 percent of 
normal precipitation, with little if any runoff being observed. Five 
storm runoff events were monitored for water quality in the late summer 
and fall of 1981. Three of these events were on the agricultural drainage 
stream and two were on the urban drainage stream. The sampling location 
on the agricultural drainage stream is directly downstream of a hog lot. 
The stormwater water quality samples which were collected during this 
study thus reflect the influence of this hog lot and are not representative 
of the stormwater water quality from other agricultural areas. The com­
parison of grand average time and flow weighted concentrations for all of 
the storms revealed that the values from the agricultural area were from 
10 to 100 times greater than those from the urban area. 
All of the stormwater runoff presently enters the west gravel-pit 
lake at Hallett's Quarry. Â comparison was made between the three gravel-
pit lakes at Hallett's Quarry to see what, if any, differences in water 
quality exist between them due to this input. Fecal coliform bacteria, 
turbidity and orthophosphate concentrations increase dramatically in the 
bottom waters of the west gravel-pit lake after periods of precipitation. 
This trend does not occur in the north and south gravel-pit lakes. The 
chemical oxygen demand and total nitrogen concentrations are higher in 
the west gravel-pit lake than in the north or south. These results 
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Indicate that the addition of stormwater to the west gravel-pit lake at 
Ballett's Quarry is having an effect on its water quality. 
The stormwater runoff investigation revealed that large quantities 
of fecal coliform bacteria are being transported via stormwater runoff 
into the west gravel-pit lake at Hallett's Quarry. These inputs dras­
tically elevate the in lake concentrations (Figure 21). Since one of the 
proposed future uses of the Hallett Quarry gravel-pit lake system is to 
serve as a supplemental water supply for the City of Ames, the sources 
of the fecal coliform bacteria should be reduced. Two possible solutions 
are bypassing the stormwater runoff around the gravel-pit lake system or 
controlling the land use of the watershed. 
Water quantity analyses conducted for the period of record and 20-
year recurrence interval low flow periods revealed that the present water 
volume of the Hallett's Quarry gravel-pit lake system could supply a draft 
rate of 0.142 cms (5 cfs). The projected future water volume when the 
planned extraction is completed could easily supply a draft rate of 
0.227 cms (8 cfs). From these analyses, it is concluded that the Hallett 
Quarry gravel-pit lake system has sufficient storage volume to adequately 
serve as a supplemental water supply source for the City of Ames. It is 
because of this that water quality protection is the key issue for the 
future. 
The Canfield and Bachmann modified Vollenweider input-output model 
was applied to the Hallett Quarry gravel-pit lake system in order to de­
termine the impact of various land use, drainage and lake configurations 
on the future water quality. Two lake types, four drainage networks and 
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three land use scenarios were investigated yielding 24 predictions of 
future water quality. From this investigation, it was determined that 
nutrient input has the greatest influence on the future water quality. 
A management plan to optimize future water quality should then try 
to reduce the nutrient input into the Eallett Quarry gravel-pit lake 
system. This can be accomplished by one of two ways; detention of storm-
water runoff before it enters the system or diversion of stonnwater runoff 
around the system. Detention could remove 30 to 80 percent of the incoming 
nutrients due to stonnwater runoff. The detention basins would have to be 
cleaned out periodically because they would fill up with the trapped sedi­
ments. On the other hand, diversion would remove 100 percent of the in­
coming nutrients and would probably not require further maintenance. It is 
the opinion of the author that diversion would be the better of the two 
alternatives since not only nutrients due to stormwater runoff but heavy 
metals, sediment, fecal coliform bacteria, hydrocarbons, road salt, herbi­
cides, pesticides and other pollutants would not be discharged into a 
supplemental municipal water supply source and potential outdoor recreational 
use area. 
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Recommendations for Future Research 
Two of the objectives of this research study were to collect base­
line water quality data for the three gravel-pit lakes at Hallett's 
Quarry and west gravel-pit lake at Peterson's Quarry and to quantify the 
stormwater pollutant loads to the Hallett Quarry gravel-pit lake system. 
In meeting these objectives, it became apparent that a great deal of knowl­
edge could be acquired in the future if more con^rehensive research studies 
were carried out regarding the limnological characteristics of these gravel-
pit lakes and the characterization of the stormwater from the Hallett Quarry 
watershed. 
Future limnological studies of the four gravel-pit lakes should in­
clude: 
1. primary production measurement to determine the production 
potential of the gravel-pit lakes, 
2. algal assays to determine the factors which are limiting 
primary production in the gravel-pit lakes, 
3. quantification of the zooplankton and phytoplankton communities 
and investigation of their relationships, 
4. quantification of the fisheries and investigation of their 
interrelationships with the zooplankton and phytoplankton 
communities, 
5. monitor the agricultural drainage stream upstream of the hog lot 
during storm runoff events to establish a data base for the 
agricultural part of the Hallett Qiiarry watershed which is not 
influenced by the hog lot and, 
6. monitor both drainage streams for pollutants other than plant 
nutrients, sediments, bacteria, BOD and COD. 
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APPENDIX A. 
GRAVEL-PIT WATER QUALITY DATA 
Table A.l. Temperature data In ° C for Hallett Quarry-South Pit 
Date 
Depth meters 
DM 2M 4M 6M 8M lOM 12M 
06-25-80 28 24 21 19 17 15 9 
07-09-80 29 28 22 20 18 18 15 
07-23-80 26.8 26 25 21 17.8 17.8 16 
08—06—80 25 25 25 20 19 17 
08—20—80 22 20 20 20 17 16 16 
09-10-80 24.5 24 24 20 17 16 17 
09-24-80 19 19 19 19 16 15 15 
10-09-80 17.5 16.5 16 16 16 16 15 
10-23-80 13 13 13 13 13 13 13 
11-05-80 12 10.5 10 9.5 9 9 9 
12-04-80 2.5 2.2 2.2 2.2 2.2 2.2 2.5 
01-22-81 1.2 4 3.5 4 3.8 4.2 4.5 
02-05-81 * * * * * •k * 
03-04-81 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
03-26-81 7 7 7 7 6.5 6.5 6.5 
04-09-81 11.2 10.2 10.2 10.2 10.2 10.2 10.2 
^In this and all following tables, an asterisk Indicates no data taken. 
Table A.l. continued 
Depth meters 
Date . DM 2M 4M 6M 8M lOM 12M 
04-23-81 11 * * * * * * 
05-07-81 14 14 14 14 14 13 13 
05-21-81 15.5 15.5 14.5 14.5 14 14 14 
06—04—81 21 21 19.5 18 17 17 16 
06-25-81 22 21.5 21.5 20.5 20.5 19 17.5 
07-09-81 26 26 26 24 23.5 21 19 
07-23-81 25.4 25.2 25.2 24.6 23.2 20.8 20.5 
08-13-81 25.7 25.7 25.7 24.5 22.9 22.1 20.0 
08-31-81 24 24 24 24 23 21.5 20.5 
09—14—81 23 23 23 23 22 21.5 21 
09-28-81 18 18 19 18 18.5 18.5 18 
10-12-81 15 15 15.5 15 15.5 15 15 
10-26-81 10.5 10.5 10.5 10.5 11 11 11 
'.e:' 
Table A.2, Temperature data In °C for Hallett Quarry-North Pit 
Depth meters 
Date OM 2M 4M 6M 8M lOM 12M 
06-25-80 27 25 24 23 20 10 7 
07-09-80 A * * * * * * 
07-23-80 26 25 24 23.8 22.5 * * 
08—06—80 * * * * * * * 
08-20-80 30 29.5 28 28 28 * * 
09-10-80 * * * * * * * 
09-24-80 21 20.5 20 20 20 * * 
10—09—80 * * * * * * * 
10-23-80 * * * * * * * 
11-05-80 * * * * * * * 
12-04-80 2.5 * * * * * * 
01-22-81 * * * * * * * 
02-05-81 * * * * * * * 
03—04—81 * * * * * * * 
03-26-81 8 8 7 7 7 * * 
04-09-81 * * * * * * * 
Table A.2. continued 
Depth meters 
Date CM m 4M 6M 8M lOM 12M 
04-23-81 11 * * * * * * 
05-07-81 * * * * * * * 
05-21-81 17 16 15 14.5 14 * * 
06-04-81 * * * * * * * 
06-25-81 23 23 22.5 22 18 * A 
07-09-81 * * * * * * * 
07-23-81 26.2 26.0 25.4 24.9 23.8 * * 
08-13-81 * * * * * * * 
08-31-81 24 24 24 24 23 * * 
09-14-81 * * * * * * * 
09-28-81 18 18 18 18 18 * * 
10-12-81 * * * * * * * 
10-26-81 * * * * * * * 
hO VO 
Table A.3. Temperature data In °C for Hallett Quarry-West Pit 
Depth meters 
Date CM 2M 4M 6M 8M lOM 12M 
06-25-80 25 24 21 16 14 14 10 
07-09-80 * * * * * * •k 
07-23-80 27 26 23 15.5 12.5 12 12 
08—06—80 * * * * * * * 
08—20—80 26 26 24 18 15 13 13 
09-10-80 * * * * * * * 
09-24-80 19 19 19 16 13 12 12 
10-09-80 * * * * * * * 
10-23-80 12 12 12 12 12 11.5 11 
11-05-80 * * * * * * * 
12-04-80 * A * * * * * 
01-22-81 * •k * * * * * 
02-05-81 * * * * A * * 
03-04-81 * * * * * * * 
03-26-81 8 7.5 7.5 7 7 6 6 
04-09-81 * * * * * * * 
Table A.3. continued 
Depth meters 
Date OM 2M 4M 6M 8M lOM 12M 
04—23—81 11 * * A A A A 
05-07-81 * * * A A A A 
05-21-81 16 15.5 14 14 13.5 13 12.5 
06—04—81 * * A A * A A 
06-25-81 23 22.5 22. 21 18 14 14 
07-09-81 * * A A A • A A 
07-23-81 26 26.5 25.4 22.5 16.1 15 14.6 
08-13-81 * * A A A A A 
08—31—81 24 24 24 23.5 19 16 15 
09-14-81 * * A A A A A 
09—28—81 17 17.5 18 17.5 18 14.5 13 
10-12-81 A * A A A A A 
10—26—81 * * A A A A A 
^f,r, ?-^ «:^ ,^yMw?ywn™'KwiTr 
Table A,4. Temperature data In °C for Peterson Quarry-West Pit 
Depth meters 
Date OM 2M 4M 6M 8M lOM 12M 
06-25-80 * * * * * * * 
07-09-80 28 27 23 16 11 11 * 
07-23-80 * * * * * * * 
08—06—80 27 • 26 24 22 13 13 * 
08—20—80 * * * * * * * 
09-10-80 24 24 23 18.5 12 10.5 * 
09-24-80 * * * * * * * 
10-09-80 17.5 17 17 16.5 14 13 * 
10-23-80 * * * * * * * 
11-05-80 9 9 8.5 8 8 8 * 
12-04-80 * * * * * * * 
01—22—81 2.5 4.5 5 5.5 5 4.5 * 
02-05-81 * * * * * * * 
03-04-81 4 4 4 4 4 4 * 
03-26-81 * * * * * * * 
04-09-81 12.5 12.5 12 12 11.5 * * 
Table A.4. continued 
Depth meters 
Date OM 2M 4M 6M 8M lOM 12M 
04-23-81 * * * A * * * 
05-07-81 15 14.5 14.5 14.5 12 12 * 
05-21-81 * * * * * * * 
06—04—81 23 23 19 16 14 14 * 
06-25-81 * * * * * * * 
07-09-81 27 27 25 20 14 14 * 
07-23-81 * * * * * * A 
08-13-81 27 26.4 25.4 23.3 17,0 16.8 A 
08—31—81 * * * * * * A 
09-14-81 22.5 23 22.5 21.5 18 15 A 
09-28-81 * * * * * * A 
10-12-81 14 14.5 14.5 14 14 14 A 
10—26—81 * * * * * * A 
Table A.5. Dissolved oxygen data In mg/l for Hallett Quarry-South Pit 
Depth meters 
Date CM 2M 4M 6M 8M lOM 12M 
06-25-80 8.7 9.2 8,0 5.7 4.7 4.7 2.9 
07-09-80 8.4 10.0 6.7 4,6 1.6 2.1 0.6 
07-23-80 8.3 8.3 8.3 5.5 0.4 1.2 0.5 
08—06—80 8.1 8.1 7.9 0.8 0.5 0.4 * 
08—20—80 8.0 7.7 7.3 1.1 0.4 0.2 0.6 
09-10-80 7.7 8.5 7.8 0.8 0.6 0.8 0.5 
09-24-80 8.5 7.9 7.9 7.4 0.9 0.9 0.6 
10-09-80 7.7 9.0 9.1 7.0 7.8 4.4 0.8 
10-23-80 8.2 9.5 8.5 8.6 8.6 8.8 8.0 
11-05-80 9.2 8.8 8.4 9.4 9.3 9.5 8.9 
12—04—80 12.3 12.4 12.4 12.1 12.3 11.8 12.2 
01-22-81 14.5 15.4 15.5 15.6 13.9 11.3 9.4 
02-05-81 17.7 . 17.6 17.4 17.1 14.1 11.3 8.5 
03-04-81 11.3 11.6 11.4 11.6 11.6 11.4 11.9 
03-26-81 12.4 12.4 12.3 12.2 12.0 11.8 11.9 
04-09-81 10.6 10.5 10.9 10.8 10.8 10.7 10.6 
Table A.5. continued 
Depth meters 
Date CM 2M 4M 6M 8M lOM 12M 
04-23-81 10.6 * A * * * * 
05-07-81 10.0 9.7 9.8 9.8 9.9 9.1 7.5 
05-21-81 9.8 9.9 9.7 10.6 9.5 9.4 8.9 
06-04-81 8.9 9.1 9.1 9.3 8.7 8.4 6.0 
06-25-81 8.1 7.9 8.0 6.8 6.0 6.2 1.4 
07-09-81 8.1 8.1 8.2 7.6 7.2 4.9 1.4 
07-23-81 8.1 8.0 7.9 6.6 5.3 2.0 3.2 
08-13-81 8.8 9.1 8.9 7.0 3.8 1.3 0.6 
08-31-81 8.0 8.2 7.8 8.1 1.4 0.6 0.3 
09-14-81 8.4 8.5 8.4 8.5 8.4 0.9 1.0 
09-28-81 7.9 7.9 7.9 7.9 7.9 7.8 7.9 
10-12-81 9.1 9.0 9.2 9.1 9.0 9.1 9.1 
10-26-81 10.1 10.1 10.2 10.0 10.1 9.8 9.9 
Table A. 6. Dissolved oxygen data in mg/l for Hallett Quarry-North Pit 
Depth meters 
Date CM 2M 4M 6M 8M lOM 12M 
06-25-80 8.8 8.7 9.4 9.3 8.4 6.9 4.7 
07-09-80 * * * * * * A 
07-23-80 8.1 8.1 6.9 6.1 5.0 * * 
08—06—80 * * * * * * * 
08-20-80 7.4 7.4 6.4 6.1 5.7 * * 
09-10-80 * * * * * * * 
09-24-80 7 . 1  7.7 7.7 7.5 7.9 * * 
10-09-80 * * * * * * * 
10-23-80 8.8 8.3 8.2 6.8 9.2 * * 
11-05-80 * * * * * * * 
12-04-80 12.8 * * * * * * 
01-22-81 a * * * * * * 
02-05-81 13.1 . 13.1 13.0 13.0 13.1 * A 
03-04-81 * * * * * * A 
03—26—81 12.2 12.2 12.2 12.5 12.7 * A 
04-09-81 * * * * * * A 
Table A.6. continued 
Depth meters 
Date OM 2M 4M 6M 8M lOM 12M 
04-23-81 11.2 * * * * * * 
05-07-81 * * * * * * * 
05-21-81 11.5 11.4 10.8 10.0 9.9 * * 
06—04—81 * * * * * * * 
06-25-81 8.3 8.4 7.9 . 7.7 5.3 * * 
07-09-81 * * * * * * * 
07-23-81 8.0 8.0 7.7 8.3 6.0 * * 
08-13-81 * * * * * * * 
08—31—81 7.9 8.0 8.0 7.8 4.3 * * 
09-14-81 * * * * * * * 
09-28-81 8.2 8.2 8.3 8.4 8.1 * * 
10-12-81 * * * * * * * 
10-26-81 10.2 10.3 10.3 10.2 10.2 * * 
Table A.7. Dissolved oxygen data in mg/l for Hallett Quarry-West Pit 
Depth meters 
Date OM 2M 4M 6M 8M lOM 12M 
06-25-80 10.2 13.1 8.4 1.8 0.6 0.5 3.2 
07-09-80 * * * * * * * 
07-23-80 8.2 8.4 5.3 1.5 2.2 1.7 0.8 
08—06—80 * * * * * * * 
08—20—80 10.4 10.0 5.6 1.2 0.5 0.8 0.0 
09-10-80 * * * * * * * 
09-24-80 9.0 7.2 8.3 1.0 0.6 1.0 1.2 
10-09-80 * * * * * * * 
10-23-80 8.1 6.6 8.3 7.8 8.0 7.5 2.0 
11-05-80 * * * * * * * 
12-04-80 11.9 * * * * * * 
01—22—81 * * * * * * * 
02-05-81 20.1 - 20.8 20.5 17.1 14.6 11.1 6.1 
03-04-81 * * * * * * * 
03-26-81 12.3 12.4 12.2 12.3 11.7 11.8 11.4 
04-09-81 * * * * * A * 
Table A.7. continued 
Depth meters 
Date OM 2M 4M 6M 8M lOM 12M 
04-23-81 12.0 * * * * * * 
05-07-81 * * * * * * * 
05-21-81 10.6 10.3 11.0 10.7 9.0 5.1 2.3 
06—04—81 * * * * * * * 
06-25-81 8.4 8.0 7.4 6.1 4.2 0.9 0.5 
07-09-81 * * * * * * * 
07-23-81 10.4 10.4 10.4 8.6 0.5 0.4 0.5 
08-13-81 * * * * * * * 
08-31-81 8.9 8.9 9.1 5.0 0.6 0.1 0.0 
09-14-81 * * * * * * * 
09-28-81 9.2 9.2 9.4 9.5 9.1 0.5 0.0 
10-12-81 * * * * * * * 
10-26-81 7.2 7.0 7.0 7.1 7.0 7.1 7.1 
Table A.8. Dissolved oxygen data In mg/1 for Peterson Quarry-West Pit 
Depth meters 
Date OM 2M 4M 6M 8M lOM 12M 
06-25-80 * * * * * * * 
07-09-80 8.7 8.6 7.9 0.8 0.5 0.3 * 
07-23-80 * * * * * * * 
08—06—80 8.7 8.6 3.9 2.8 0.2 0.0 * 
08—20—80 * * * * * •k * 
09-10-80 6.6 6.5 5.4 0.9 0.1 0.0 * 
09-24-80 * * * * * * * 
10-09-80 10.2 7.8 7.9 6.4 0.2 0.1 * 
10-23-80 * * * * * * * 
11-05-80 11.5 10.9 10.8 10.7 10.7 10.6 * 
12-04-80 * * * * A * * 
01-22-81 13.9 15.1 13.8 13.9 12.4 12.1 * 
02-05-81 * * * * * * * 
03-04-81 12.0 11.8 11.6 11.6 11.6 11.7 * 
03—26—81 * * * * * * * 
04-09-81 11.3 11.4 10.7 10.3 9.3 * * 
Table A.8. continued 
Depth meters 
Date OM 2M 4M 6M 8M lOM 12M 
04-23-81 * * * * * * * 
05-07-81 10.6 10.4 10.4 7.2 2.4 0.9 * 
05-21-81 * * * * * * * 
06-04-81 8.9 8.8 7.1 3.7 1.3 0.1 * 
06-25-81 * * * * * * * 
07-09-81 7.5 7 , 5  3.8 4.9 0.3 0.1 * 
07-23-81 * * * * * * * 
08-13-81 9.1 9.1 5.6 1.1 0.5 0.0 * 
08-31-81 * * * * * * * 
09-14-81 8.2 8.2 6.5 2.6 0.8 0.3 * 
09-28-81 * * * * * * * 
10-12-81 8.0 7.9 7.7 7.0 6.4 4.7 * 
10-26-81 * * * * * * * 
Table A,9. pH data for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
s" M B S M B S M B S M B 
06-25-80 8.2 7.8 7.6 8.3 8.1 7.8 8.2 7.6 7.5 * * * 
07-09-80 8.0 7.8 7.4 * * * * * * 8.2 7.5 7.4 
07-23-80 8.1 7.6 7.7 8.3 8.1 7.9 8.2 7.7 7.6 * * * 
08—06—80 8.0 7.5 7.5 * * * * * * 8.3 7.5 7.6 
08-20-80 7.9 7.1 7.1 7.9 7.8 7.7 8.2 7.3 7.2 * * * 
09-10-80 7.9 7.1 7.2 * * * * * •k 8.0 7.4 7.3 
09-24-80 7.4 7.5 7.4 8.1 8.0 8.0 8.1 7.3 7.3 * * * 
10-09-80 8.1 8.0 7.3 * * * * * * 8.3 8.1 7.5 
10-23-80 8.1 8.0 8.0 8.2 8.2 8.2 7.9 7.9 7.4 * * * 
11-05-80 8.0 8.0 7.9 * * * * * * 8.2 8.2 8.2 
12-04-80 8.0 8.1 8.1 8.2 * * 8.1 * * * * * 
01-22-81 8.2 8.1 7.7 * * * * * * 8.4 8.2 8.2 
02-05-81 8.0 7.9 7.4 7.8 7.7 7.7 8.2 7.9 7.3 * * * 
03-04-81 7.5 7.5 7.7 * * * * * * 7.5 7.3 7.8 
03-26-81 7.8 7.7 7.7 7.7 7.7 7.7 7.8 7.8 7.7 * * * 
04-09-81 7.9 7.9 7.9 * * * * * * 7.9 7.7 7.8 
®In this and all following tables, S = surface, M middle and B = bottom. 
Table A,9. continued 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
04—23—81 8.0 * * 7.9 * * 8.0 * * * A A 
05-07-81 7.4 7.9 7.6 * * * * * * . 8.0 6.9 7.4 
05-21-81 7.7 7.5 7.5 7.8 7.6 7.4 7.8 7.7 7.1 * A A 
06—04—81 7.6 7.4 7.1 * A * * * * 7.7 7.1 7.0 
06-25-81 7.9 7.5 7.4 8.1 7.9 7.5 7.8 7.6 7.5 * A A 
07-09-81 7;7 7.5 7.1 * * * * * * 7.8 7.7 7.1 
07-23-81 8.0 7.7 7.3 8.1 8.1 7.7 8.2 7.8 7.3 * A A 
08-13-81 8.0 7.7 7.2 * * * * * * 8.2 7.3 7.2 
08-31-81 7.9 7.9 7.0 8.0 8.0 7.5 8.5 7.7 7.2 A A A 
09-14-81 8.0 8.0 7.2 * * * * * * 8.1 7.5 7.2 
09-28-81 8.0 7.9 8.0 8.0 8.1 7.9 8.5 8.5 7.5 A A A 
10-12-81 8.3 8.3 8.2 * * * * * * 8.1 8.0 7.9 
10-26-81 8.3 8.3 7.3 8.2 8.2 8.2 7.9 7.9 7.9 A A A 
Table A.10. Total alkalinity data in mg/1 as CaCO^ for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 203 236 261 162 163 197 226 274 295 A A A 
07-09-80 167 178 257 * * A A A A 156 220 254 
07-23-80 154 210 235 144 148 158 178 251 293 A A A 
08-06-80 145 207 223 A * A A A A 154 199 271 
08—20—80 139 208 258 143 144 145 142 175 200 A A A 
09-10-80 162 227 272 * * A A A A 166 251 305 
09-24-80 180 177 277 156 155 156 172 279 284 A A A 
10-09-80 203 202 260 * * A A A A 195 198 317 
10-23-80 215 216 216 162 164 163 237 235 284 A A A 
11-05-80 219 219 217 * * A A A A 209 209 210 
12-04-80 229 239 240 180 * A 263 A A A A A 
01-22-81 246 255 279 * * A A A A 233 244 248 
02-05-81 244 254 272 189 196 193 253 264 291 A A A 
03-04-81 264 262 248 * A A A A A 276 247 233 
03-26-81 259 256 258 202 202 201 273 273 275 A A A 
04-09-81 246 247 245 * A A A A A 239 233 237 
Table A.10. continued 
Hallett's South Hallett's North Hallett's West Peterson's West 
Date S M B S M B S MB S . M B 
04-23-81 238 * * 189 * * 250 * * * * * 
05-07-81 217 229 238 * * A * * * 215 190 239 
05-21-81 171 227 226 171 174 174 245 239 264 * * * 
06-04-81 207 216 228 * * * * * * 207 219 264 
06-25-81 209 211 233 170 167 182 196 199 282 * * * 
07-09-81 179 201 224 * * * * * * 191 198 283 
07-23-81 174 201 213 154 153 175 153 189 296 * * * 
08-13-81 165 175 228 * * * * * * 189 212 323 
08-31-81 160 160 221 149 148 169 132 148 313 * * * 
09—14—81 167 166 210 * * * * * * 194 205 343 
09-28-81 184 185 185 166 164 165 157 156 318 * A * 
10-12-81 185 187 186 * * * * * * 225 223 235 
10—26—81 186 186 184 171 172 172 200 199 199 * •k * 
Table A.II. Total hardness data in mg/1 as CaCOg for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 300 322 340 274 282 310 324 342 356 A A A 
07-09-80 288 292 332 * * * A A A 244 306 326 
07-23-80 273 316 320 274 278 286 293 342 364 A A A 
08-06-80 258 316 324 * * A A * A 246 292 360 
08—20—80 260 322 340 271 278 283 273 336 384 A A A 
09-10-80 274 320 334 * * A A A A 254 316 331 
09-24-80 266 290 328 282 280 278 258 335 344 A A A 
10-09-80 314 308 331 A * A A A A 270 274 300 
10-23-80 314 264 312 288 292 291 309 308 340 A A A 
11-05-80 311 314 320 * * A A A A 200 270 200 
12—04—80 331 327 328 301 * A 318 A A A A A 
01-22-81 335 344 363 * * A A A A 292 304 310 
02-05-81 339 342 363 314 324 322 312 322 357 A A A 
03-04-81 333 332 326 * * A A A A 288 290 288 
03-26-81 342 322 338 324 320 318 318 324 326 A A A 
04-09-81 330 324 329 * * A A A A 294 285 292 
Table A.11. continued 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
04—23—81 324 * * 310 * * 301 * * * A A 
05-07-81 326 320 328 * * * * * * 271 278 284 
05-21-81 322 320 324 292 298 284 288 292 314 * A A 
06—04—81 316 276 322 * * * * * * 272 278 304 
06-25-81 308 310 318 286 292 296 260 268 350 A A A 
07-09-81 288 306 328 * * * * * A 256 258 320 
07-23-81 288 304 312 284 279 292 214 252 324 A A A 
08-13-81 276 294 316 * * * * * * 249 274 364 
08-31-81 272 272 314 276 276 294 180 192 320 A A A 
09-14-81 280 279 306 * * * * * * 254 262 340 
09-28-81 290 286 288 288 286 288 194 194 318 A A A 
10-12-81 290 292 290 * * * * * * 272 270 276 
10-26-81 294 294 294 296 296 296 232 232 240 A A A 
Table A.12, Total solids data In mg/l for the four studied gravel-plt lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 436 423 447 481 426 409 387 422 452 * * * 
07-09-80 410 435 452 * * * A * * 385 420 457 
07-23-80 400 439 434 394 397 432 348 432 464 * * * 
08—06—80 425 437 520 * * * * * * 411 396 469 
08-20-80 394 436 456 423 428 464 337 428 477 * * * 
09-10-80 347 431 410 * * * * * * 338 398 433 
09-24-80 396 386 420 403 390 612 328 422 430 * * * 
10-09-80 400 403 410 * * * * * * 380 359 435 
10-23-80 430 431 416 404 403 420 392 372 428 * * * 
11-05-80 422 439 430 * * * * * * 382 370 380 
12-04-80 432 402 404 426 * * 411 * •k * A * 
01-22-81 379 456 460 * * * * •k * 346 361 362 
02-05-81 412 417 432 427 424 429 368 398 419 * * * 
03-04-81 442 435 424 * * * * * * 358 372 368 
03-26-81 436 435 445 433 444 440 345 396 391 * * * 
04-09-81 426 424 438 * * * * * * 380 379 403 
Table A.12. continued 
Hallett's South Hallett's North Hallett's West Peterson's West 
Date S M B S M B S MB S M B 
04—23—81 387 * * 546 * •k 396 * * * * * 
05-07-81 398 404 396 * * * * * * 376 372 388 
05-21-81 412 418 412 418 414 416 361 357 396 * * * 
06-04—81 429 436 432 * * * * * * 388 380 408 
06-25-81 413 422 423 420 436 450 341 368 425 * * * 
07-09-81 402 414 425 * * * * * * 353 398 424 
07-23-81 404 412 438 400 402 412 304 332 382 * * * 
08—13—81 416 424 520 * * * * * * 352 358 558 
08-31-81 395 382 424 393 410 418 233 258 384 * * * 
09-14-81 384 388 396 * * * * * * 364 388 422 
09-28-81 402 388 398 400 404 394 297 320 439 * * * 
10-12-81 421 408 414 * * * * * * 374 374 380 
10-26-81 395 409 400 403 411 412 293 296 306 * * * 
Table A,13, Suspended solids data In mg/l for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 14.0 18.0 5.4 2.4 7.3 11.6 19.0 2.6 4.0 * * * 
07-09-80 6.7 8.4 13.0 * * * * * * 4.1 12.0 20.0 
07-23-80 4.6 8.0 6.8 7.2 12.2 39.8 4.0 3.8 7.2 * * * 
08—06—80 7.8 8.8 3.8 * * * * * * 5.0 7.2 21.4 
08-20-80 9.4 7.1 8.1 9.6 14.0 20.5 4.0 4.5 7.1 * * * 
09-10-80 8.0 8.2 19.0 * * * * * * 7.1 9.1 21.0 
09-24-80 2.6 4.4 5.6 13.0 13.0 23.5 7.0 6.0 14.5 * * * 
10-09-80 3.4 3.9 6.1 * * * * * * 5.9 4.1 21.0 
10-23-80 4.5 3.8 5.5 17.0 22.0 20.0 14.0 14.0 20.0 * * * 
11-05-80 5.2 7.8 8.2 * * * * * * 8.2 9.5 10.0 
12-04-80 7.2 12.0 12.0 27.0 * * 4.5 * * * * * 
01-22-81 6.4 5.4 12.0 * * * * * * 7.0 6.8 8.2 
02-05-81 5.5 3.0 3.0 3.0 3.2 3.5 2.8 3.0 2.5 * * * 
03-04-81 19,0 18,0 23.0 * * * * * * 6.8 6.2 6.8 
03-26-81 6.0 5.6 9.4 4.6 6.2 5.4 3.0 4.6 4.2 * * * 
04—09—81 30.0 33.0 36.0 * * * * * * 13.0 16.0 23.0 
Table A. 13. continued 
Hallett's South Hallett's North Hallett's West Peterson's West 
Date S M B S M B S MB S M B 
04-23-81 48.8 * * 15.3 * * 20.0 * * * * * 
05-07-81 22.0 23,0 34.0 * * * * * * 10.0 12.0 13.0 
05-21-81 9.0 13.0 13.0 8.8 7.8 10.0 2.8 2.8 3.8 * * * 
06—04—81 4.2 7.0 12.0 * * * * * * 5.5 7.8 14.0 
06-25-81 4.8 8.2 6.5 4.8 5.2 1.8 11.2 21.0 15.5 * * * 
07-09-81 3.2 5.5 4.2 * * * * * * 4.5 5.2 7.0 
07-23-81 3.0 5.0 19.8 4.2 4.2 9.0 3.4 21.2 10.4 * •k * 
08-13-81 5.1 5.1 6.1 A * * * * * 5.9 6.5 6.9 
08—31—81 2.8 2.2 6.4 3.4 4.0 6.4 5.2 6.4 9.4 * * * 
09-14-81 4.8 5.8 5.6 * * * * * * 7.8 5.6 9.5 
09-28-81 6.2 6.9 7.4 6.4 6.4 11.6 7.0 7.4 8.6 * * * 
10-12-81 5.5 4.6 6.6 * * * * A * 8.0 8.3 8.2 
10-26-81 5.0 4.5 8.0 6.8 6.2 5.5 4.5 4.0 4.2 * * * 
Table A.14. Specific conductance data in y mho/cm for the four studied gravel-pit lakes 
Date 
Hallett'8 South Hallett'a North Hallett'8 West Peterson's West 
S M B S M B S M B S M B 
06-25-80 581 611 641 560 581 622 651 671 671 * * * 
07-09-80 571 593 659 * * * * * * 549 637 681 
07-23-80 535 620 642 562 572 578 576 642 699 * * * 
08—06—80 541 626 658 * * * * * * 584 584 690 
08—20—80 554 611 686 580 588 588 567 694 738 * * * 
09-10-80 551 623 621 * * * * * * 551 628 695 
09-24-80 590 585 695 583 587 587 562 686 693 * * * 
10-09-80 626 616 626 * * * * * * 591 580 690 
10-23-80 609 617 619 596 597 599 609 608 659 * * * 
11-05-80 603 592 607 * * * * * * 593 592 590 
12—04—80 592 573 597 573 * * 573 * * * * * 
01-22-81 655 655 698 * * * * * * 623 658 655 
02-05-81 645 655 686 634 645 655 598 615 655 * * * 
03-04-81 635 646 623 * * * * * * 614 614 624 
03-26-81 624 614 573 614 624 614 604 583 593 * * * 
04-09-81 618 645 629 * * * * * * 613 623 628 
Table A.14. continued 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
04-23-81 613 * * 624 * * 597 * * * * * 
05-07-81 592 590 590 * * * * * * 590 581 601 
05-21-81 585 590 609 580 591 590 561 554 561 * * * 
06-04-81 620 626 645 * * * * * * 604 613 660 
06-25-81 629 638 657 610 614 624 530 526 636 * * * 
07-09-81 610 628 632 •k * •k * * * 581 629 700 
07-23-81 586 619 665 597 619 608 456 543 643 * * * 
08—13—81 556 577 663 * * * * * * 556 598 748 
08-31—81 564 553 628 574 574 607 325 328 639 * * * 
09-14-81 567 566 622 * * * * * * 567 590 698 
09-28-81 606 595 596 617 628 595 347 347 641 * •k * 
10-12-81 767 797 783 * * * * * * 797 797 954 
10-26-81 573 572 583 593 603 587 460 452 465 * * * 
Table A,15. Turbidity data in NTUs for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 * * * * * * * * A A A A 
07-09-80 * * * * * * * * A A A A 
07-23-80 3.2 6.5 14.0 5.0 5.9 26.0 3.2 1.9 6.0 A A A 
08—06—80 4.0 3.0 3.4 * * * * * A 4.0 4.1 1.7 
08-20-80 9.5 5.4 18.0 8.3 12.0 23.0 3.0 3.6 18.0 A A A 
09-10-80 7.3 4.4 9.5 * * * * * A 5.4 4.7 18.0 
09-24-80 3.9 4.5 6.4 13.0 14.0 14.0 4.4 4.0 15.0 A A A 
10-09-80 17.0 15.0 16.0 * * * * * A 16.0 13.0 28.0 
10-23-80 4.4 6.0 5.5 14.0 15.0 16.0 9.8 11.0 14.0 A A A 
11-05-80 12.0 13.0 13.0 * * * * A A 12.0 13.0 14.0 
12-04-80 5.5 5.6 4.1 18.0 A * 3.4 * A A A A 
01-22-81 3.1 2.0 5.0 * * •k * * A 4.0 6.2 5.5 
02-05-81 1.2 1.4 2.8 2.0 2.2 5.5 3.0 1.6 1.7 A A A 
03-04-81 3.5 2.7 3.0 * * * * * A 2.7 2.9 2.9 
03-26-81 1.9 2.0 3.8 2.5 2.7 2.6 1.6 1.0 2.5 A A A 
04-09-81 3.1 4.9 4.5 * * * * A A 6.3 5.6 7.6 
Table A.15. continued 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
04-23-81 * * * * * * * * * * * * 
05-07-81 4.0 3.2 7.9 * * * * * * 4.2 4.3 6.1 
05-21-81 2.6 5.7 4.8 4.4 4.5 6.0 1.1 1.6 2.4 * * * 
06-04-81 2.3 3.4 2.9 * * * * * * 2.5 1.9 7.7 
06-25-81 2.4 5.9 4.0 2.2 3.5 7.0 4.0 11.0 7.0 * * * 
07-09-81 2.7 3.5 3.2 * * * * * * 3.5 3.7 6.5 
07-23-81 1.3 1.0 4.6 1.7 1.6 4.1 1.7 4.1 6.4 * * * 
08-13-81 4.3 2.3 3.9 * * * * A * 2.4 3.0 14.0 
08-31-81 1.2 1.6 3.4 1.5 1.6 3.6 2.0 2.8 9.4 * * * 
09-14-81 2.5 1.9 2.0 * * * * * * 2.4 1.5 11.0 
09-28-81 2.1 2.4 2.4 2.8 2.8 3.9 2.5 2.8 14.0 * * * 
10-12-81 3.7 3.3 3.5 * * * * * * 3.8 3.6 3.7 
10-26-81 2.8 3.2 3.6 3.4 3.5 3.4 2.3 2.5 2.1 * * * 
Table A,16. Ortho PO/^ data in mg/l as PO^ for the four studied gravel-plt lakes 
Date 
Hallett's ! South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 0.20 0.42 0.24 0.17 0.15 0.17 0.19 0.26 0.47 * * * 
07-09-80 0.12 0.09 0.15 * * * * * * 0.03 0.06 0.09 
07-23-80 0.10 0.12 0.12 0.10 0.08 0.09 0.08 0.19 0.34 * * * 
08—06—80 0.15 0.13 0.13 * * * * * * 0.03 0.04 0.13 
08—20—80 0.07 0.07 0.11 0.09 0.06 0.06 0.06 0.11 0.57 * * * 
09-10-80 0.19 0.20 0.24 * * * * * * 0.09 0.24 0.36 
09-24-80 0.20 0.16 0.23 0.12 0.16 0.20 0.14 0.21 0.63 * * * 
10-09-80 0.28 0.17 0.17 * * * * * * 0.05 0.06 0.34 
10-23-80 0.07 0.07 0.07 0.05 0.05 0.05 0.07 0.08 0.40 * * * 
11-05-80 0.15 0.15 0.15 * * * * * * 0.04 0.03 0.03 
12-04-80 0.11 0.11 0.11 0.10 * * 0.19 * * * * * 
01-22-81 0.12 0.12 0.13 * * * * * * 0.05 0.05 0.29 
02-05-81 0.09 0.09 0.10 0.08 0.08 0.07 0.10 0.10 0.10 * * * 
03-04-81 0.13 0.13 0.13 * * * * * * 0.03 0.02 0.02 
03-26-81 0.15 0.13 0.16 0.11 0.12 0.12 0.15 0.16 0.16 * * * 
04-09-81 0.07 0.07 0.09 * * * * * * 0.03 0.03 0.05 
Table A.16. continued 
Hallett's South Hallett's North Hallett's West Peterson's West 
Date S M B S M B S MB S M B 
04-23-81 0.13 * * 0,10 * * 0.12 * * * * * 
05-07-81 0.09 0.09 0.10 * * * * * * 0.02 0.02 0.04 
05-21-81 0.14 0.14 0.14 0.13 0.11 0.11 0.13 0.13 0.15 * * * 
06—04—81 0.10 0.10 0.10 * * A * * * 0.00 0.01 0.27 
06-25-81 0.11 0.10 0.10 0.08 0.07 0.08 0.10 0.11 0.55 * * * 
07-09-81 0.08 0.09 0.09 * * * * * * <0.005 0.01 0.53 
07-23-81 0.08 0.07 0.08 0.05 0.06 0.06 0.06 0.08 0.71 * * * 
08—13—81 0.10 0.08 0.14 * * * * * * 0.02 0.02 1.17 
08-31-81 0.08 0.09 0.11 0.05 0.19 0.05 0.19 0.06 0.67 * * * 
09-14-81 0.08 0.10 0.10 * * * * * * 0.01 0.03 1.46 
09-28-81 o.-os 0.06 0.06 0.04 0.05 0.04 0.04 0.04 0.99 * * * 
10-12-81 0.10 0.13 0.11 * * * * * * 0.06 0.08 0.12 
10-26-81 0.07 0.07 0.07 0.06 0.07 0.06 0.28 0.28 0.28 * * * 
Table A.17. Total PO^ data in mg/1 as PO^ for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 A A A 
07-09-80 <0.2 <0.2 <0.2 * * * * A A <0.2 <0.2 <0.2 
07-23-80 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 A A A 
08—06—80 <0.2 <0.2 <0.2 * * * * A A <0.2 <0.2 0.96 
08-20-80 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 1.61 A A A 
09-10-80 <0.2 <0.2 <0.2 * * * * A A <0.2 0.21 1.66 
09-24-80 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.41 A A A 
10-09-80 <0.2 <0.2 <0.2 * * * A A A <0.2 <0.2 1.10 
10-23-80 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.62 A A A 
11-05-80 0.46 <0.2 <0.2 * * * * A A <0.2 <0.2 <0.2 
12-04-80 <0.2 <0.2 <0.2 <0.2 * * <0.2 A A . A A A 
01-22-81 <0.2 <0.2 <0.2 * * * A A A <0.2 <0.2 0.37 
02-05-81 <0.2 <0.2 <0.2 <0.2 <0.2 0.70 <0.2 <0i2 <0.2 A A A 
03-04-81 <0.2 <0.2 <0.2 * * * A A A <0.2 <0.2 <0.2 
03-26-81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 A A A 
04-09-81 <0.2 <0.2 <0.2 * * * A A A <0.2 <0.2 <0.2 
Table A.17. continued 
Hallett's South Hallett's North Hallett's West Peterson's West 
Date SMBSMBSM BSMB
04-23-81 <0.2 * * 0.34 * * <0.2 * A * * * 
05-07-81 <0.2 <0.2 <0.2 A * * * * * <0.2 <0.2 <0.2 
05-21-81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 * * * 
06—04—81 <0.2 <0.2 <0.2 * * * * * * <0.2 <0.2 <0.2 
06-25-81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.47 * * A 
07-09-81 <0.2 <0.2 <0.2 * * * * * * <0.2 <0.2 0.95 
07-23-81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.93 * * * 
08—13—81 <0.2 <0.2 <0.2 * * * * * * <0.2 <0.2 1.72 
08-31-81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.88 * * A 
09-14-81 <0.2 <0.2 <0.2 * * * * * * <0.2 <0.2 2.25 
09-28-81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 1.29 * * A 
10-12-81 <0.2 <0,2 <0.2 * * * * * * <0.2 <0.2 <0.2 
10-26-81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.24 0.24 0.25 * * A 
Table A.18. NOg+NOg-N data in mg/1 as N for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 2.33 1.07 0.68 2.24 0.15 0.14 10.73 4.03 5.34 A A A 
07-09-80 1.64 1.69 0.76 * * * * A A 0.03 0.02 0.03 
07-23-80 1.43 1.46 1.00 0.08 0.08 0.09 9.40 3.31 0.25 A A * . 
08—06—80 1.10 1.27 0.98 * * * * A A 0.03 0.03 0.03 
08-20-80 1.03 1.10 0.10 0.11 0.11 0.12 3.21 3.08 0.21 A A A 
09-10-80 0.97 0.91 0.19 A * * * A A 0.09 0.09 0.09 
09-24-80 0.76 0.77 0.06 0.11 0.11 0.10 4.35 2.50 2.46 A A A 
10-09-80 0.72 0.72 0.26 * * * * A A 0.08 0.06 0.06 
10-23-80 0.50 0.54 0.55 0.18 0.15 0.15 2.29 2.53 1.61 A A A 
11-05-80 0.56 0.57 0.56 * * * * A A 0.11 0.09 0.12 
12—04—80 0.52 0.52 0.52 0.23 * * 2.17 A A A A A 
01-22-81 0.43 0.42 0.33 * * * * * A 0.08 0.09 0.09 
02-05-81 0.43 0.47 0.34 0.26 0.23 0.26 1.86 2.00 1.36 A A A 
03-04-81 0.35 0.36 0.37 * * * * A A 0.11 0.11 0.09 
03—26—81 0.35 0.35 0.34 0.26 0.23 0.23 1.55 1.56 1.55 A A A 
04-09-81 0.37 0.37 0.37 * * * * A A 0.16 0.16 0.16 
Table A.18. continued 
Date 
Hallett's 1 South Hallett's North Hallett's West Peterson's West 
S M B S M . B S M B S M B 
04-23-81 0.38 * * 0.20 * * 2.94 * * * * * 
05-07-81 0.36 0.37 0.36 * * * * A * 0.08 0.06 0.08 
05-21-81 0.33 0.31 0.30 0.06 0.09 0.16 1.31 1.31 1.03 * * * 
06—04—81 0.30 0.31 0.36 * * * * * * 0.01 0.01 0.01 
06-25-81 0.41 0.43 0.50 0.06 0.05 0.08 1.27 1.13 0.31 * * * 
07-09-81 0.38 0.42 0.48 * * * * * * 0.03 0.01 0.02 
07-23-81 0.36 0.44 0.28 0.01 0.01 0.06 0.90 1.14 0.03 * * * 
08—13—81 0.25 0.32 0.22 * * * * * * 0.02 0.02 0.01 
08—31—81 0.20 0.21 0.19 0.01 0.01 0.02 0.47 0.56 0.03 * * * 
09-14-81 0.18 0.20 0.12 * * * * * * 0.01 0.01 0.01 
09-28-81 0.16 0.16 0.16 <0.005 <0.005 0.01 0.16 0.16 0.01 * * * 
10-12-81 0.16 0.16 0.16 * * * * * * 0.02 0.02 0.01 
10-26-81 0.19 0.23 0.22 0.05 0.10 0.05 0.15 0.13 0.17 * * * 
Table A,19. NH^-N data in mg/l as N for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 0.35 0.12 0.83 0.22 0.05 0.22 0.12 0.23 0.58 * * A 
07-09-80 0.04 0.04 0.73 A * * * * * 0.03 0.40 1.65 
07-23-80 0.10 0.03 0.32 0.05 0.07 0.09 0.12 0.20 2.15 * * A 
08—06—80 0.06 0.04 0.15 * * * * * * 0.04 0.08 1.81 
08-20-80 0.08 0.10 1.39 0.07 0.04 0.09 0.08 0.32 2.67 * * A 
09-10-80 0.14 0.36 1.15 * * * * * * 0.06 0.25 4.63 
09-24-80 0.07 0.06 1.10 0.03 0.02 0.08 0.10 0.44 1.03 * * A 
10-09-80 0.20 0.24 1.02 * * * * * * 0.20 0.24 3.44 
10-23-80 0.32 0.31 0.30 0.08 0.08 0.08 0.54 0.54 1.49 * A A 
11-05-80 0.68 0.65 0.68 * * * * * * 0.55 0.57 0.57 
12—04—80 0.36 0.36 0.35 0.09 * * 0.83 * * * A A 
01-22-81 0.34 0.29 0.52 * * * * * * 0.30 0.19 0.24 
02-05-81 0.43 0.32 0.59 0.15 0.10 0.11 0.29 0.29 0.85 * A A 
03-04-81 0.34 0.33 0.33 * * * * * * 0.15 0.14 0.17 
03—26—81 0.38 0.35 0.37 0.39 0.15 0.08 0.52 0.36 0.61 * A A 
04-09-81 0.28 0.28 0.30 * * * * * * 0.09 0.09 0.14 
Table A,19. continued 
Date 
Hallett's : South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
04-23-81 0.30 * * 0.08 * * 0.22 * * * * * 
05-07-81 0.29 0.25 0.32 * * * * * * 0.13 0.11 0.61 
05-21-81 0.23 0.24 0.24 0.18 0.14 0.49 0.16 0.11 0.73 * * * 
06— 04—81 0.25 0.25 0.22 * * * * * * 0.11 0.22 1.54 
06-25-81 0.17 0.14 0.16 0.35 0.19 0.21 0.19 0.35 1.71 * * * 
07-09-81 0.07 0.09 0.13 * * * * * * 0.07 0.07 1.75 
07-23-81 0.09 0.12 0.32 0.08 0.10 0.12 0.16 0.17 2.50 * * * 
08—13—81 0.11 0.13 0.36 * A * * * * 0.16 0.14 3.08 
08-31-81 0.15 0.14 0.35 0.19 0.16 0.18 0.14 0.22 2.23 * * * 
09-14-81 0.07 0.10 0.31 * * * * * * 0.07 0.18 3.50 
09-28-81 0.16 0.15 0.17 0.08 0.05 0.06 0.08 0.05 2.09 * * * 
10-12-81 0.07 0.07 0.06 * * * * * * 0.33 0.30 0.47 
10-26-81 0.06 0.05 0.07 0.12 0.12 0.08 0.67 0.67 0.68 * * * 
Table A.20. Kjeldahl-N data in mg/l as N for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 0.52 0.68 1.00 0.34 0.27 0.34 0.68 0.76 1.09 A A A 
07-09-80 0.46 0.47 1.13 * * A * * * 0.49 0.90 1.96 
07-23-80 0.41 0.54 0.68 0.27 0.28 0.39 0.68 0.68 2.52 A A A 
08—06—80 0.47 0.45 0.45 * * * * A * 0.65 0.66 2.26 
08—20—80 0.42 0.37 1.50 0.29 0.27 0.26 0.78 0.80 2.63 A A A 
09-10-80 0.26 0.36 1.36 * * * * * A 0.53 0.94 2.99 
09-24-80 0.27 0.27 1.28 0.19 0.19 0.22 0.66 0.85 1.63 A A A 
10-09-80 0.52 0.51 1.08 * * * * * A 0.83 0.68 3.33 
10-23-80 0.98 0.55 0.57 0.25 0.21 0.19 1.06 1.08 1.85 A A A 
11-05-80 0.52 0.77 0.63 * * * * * A 0.75 0.81 0.78 
12—04—80 0.61 0.55 0.59 0.37 * * 0.97 * A A A A 
01-22-81 0.48 0.47 0.57 A * * * * A 0.60 0.81 0.72 
02-05-81 0.69 0.60 0.88 0.35 0.39 0.35 0.97 1.01 1.44 A A A 
03-04-81 0.73 0.65 0.51 * * * * * A 0.64 0.71 0.63 
03-26-81 0.77 0.80 0.74 0.66 0.57 0.58 0.96 1.10 0.96 A A A 
04-09-81 0.46 0.43 0.48 * * * * * A 0.48 0.50 0.53 
Table A.20. continued 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
04-23-81 0.38 * * 0.27 A A 0.83 A A A A A 
05-07-81 0.51 0.38 0.47 * A A A A A 0.65 0.54 1.07 
05-21-81 0.51 0.47 0.45 0.55 0.25 0.34 0.62 0.69 1.20 A A A 
06—04—81 0.43 0.71 0.59 * A A A A A 0.48 0.82 1.87 
06-25-81 0.22 0.41 0.89 0.48 0.30 0.43 0.53 0.70 1.74 A A A 
07-09-81 0.80 0.83 0.80 A A A A A A 0.35 0.42 2.03 
07-23-81 0.49 0.43 0.50 0.39 0.37 0.33 0.52 1.18 2.26 * A A 
08-13-81 0.42 0.35 0.61 A A A A * A 0.56 0.58 3.20 
08—31—81 0.25 0.18 0.45 0.23 0.19 0.17 0.39 0.53 2.11 A A A 
09-14-81 0.37 0.30 0.51 A A A A A A 0.66 0.73 3.97 
09-28-81 0.26 0.35 0.37 0.27 0.21 0.24 0.59 0.59 3.08 A A A 
10-12-81 0.40 0.37 0.34 A A A A A A 0.93 0.90 1.08 
10-26-81 0.33 0.24 0.27 0.29 0.28 0.27 0.90 0.94 0.91 A A A 
Table A.21, Chloride data in mg/l for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 19.6 20.1 17.3 17.5 19.1 15.1 26.1 22.9 16.4 * * * 
07-09-80 18.6 11.7 14.7 * * * * * * 29.4 28.9 29.6 
07-23-80 18.7 17.2 18.7 21.7 20.7 20.2 26.4 22.2 21.2 * * * 
08—06—80 18.3 17.1 36.4 * * * * * * 30.6 30.2 30.4 
08—20—80 18.3 19.7 15.5 20.3 20.4 20.7 20.6 20.3 19.7 * * * 
09-10-80 17.9 17.4 14.9 * * * * * * 29.8 27.5 29.8 
09-24-80 18.2 18.1 15.0 21.0 21.2 20.9 24.5 21.4 20.7 * * * 
10-09-80 17.9 17.7 16.4 * * * * * * 30.6 30.6 29.4 
10-23-80 18.0 17.5 17.5 21.4 20.9 20.9 22.4 22.4 21.4 * * * 
11-05-80 18.3 18.4 18.2 * * * * * * 30.9 30.9 30.9 
12-04-80 18.0 18.0 18.0 21.0 * * 22.0 * * * * A 
01-22-81 18.0 18.0 17.0 * * * * * * 31.0 32.0 33.0 
02-05-81 19.0 19.0 20.0 24.0 24.0 24.0 24.0 24.0 22.0 * A A 
03-04-81 18.0 18.0 18.0 * * * * * * 32.0 32.0 32.0 
03-26-81 17.8 17.7 17.9 23.4 23.0 22.7 21.9 22.0 21.9 * * A 
04-09-81 18.0 18.0 17.7 * * * * * * 30.6 30.8 30.3 
Table A.21. continued 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
04-23-81 18.2 * * 23.5 * * 21.2 * * * * * 
05-07-81 18.2 18,2 18.1 * * * * * * 30.8 31.0 30.8 
05-21-81 18.4 18.1 18.1 24.3 24.3 24.6 21.8 21.6 20.8 * * * 
06—04—81 18.1 18.1 18.0 * * * * * * 31.8 31.5 30.1 
06-25-81 18.7 18.2 17.7 24.6 25.1 24.1 20.7 19.7 20.7 * * * 
07-09-81 18.7 17.5 16.0 * * * * * * 32.3 18.5 29.6 
07-23-81 19.4 16.9 17.4 25.9 25,9 22.4 20.4 19.4 20.4 * * * 
08-13-81 19,3 19.3 18.1 * * * * * * 32.2 31.8 29.3 
08-31-81 19.1 18.7 18.5 25,7 25.9 25.1 16.8 17.0 20.4 * * * 
09-14-81 19.0 16.8 15.9 * * * * * * 31.6 31.1 28.1 
09-28-81 18.4 23.2 18,5 25.4 27.1 25.7 17.1 16,9 19,2 * * * 
10-12-81 20.4 20.6 20.9 * * * * * * 33.5 32.7 34.3 
10—26—81 18.7 18.7 18.5 25.2 25,7 25.7 17,2 17,2 17,2 * * * 
Table A.22. Soluble silica data In mg/1 as SIO2 for the four studied gravel-plt lakes 
Hallett's South Hallett's North Hallett's West Peterson's West 
Date S M B S M B S M B S M B 
06-25-80 14.7 17.2 17.3 12.9 12.5 13.0 4.3 17.2 21.1 * A A 
07-09-80 15.3 15.9 18.4 * * * * * * 1.6 4.5 10.0 
07-23-80 15.6 17.0 18.4 12.6 12.8 13.9 10.4 20.1 23.7 * A A 
08-06-80 15.1 16.4 17.9 A * * * * * 1.2 2.5 12.8 
08—20—80 14.5 16.4 20.7 13.0 13.1 13.1 11.9 20.8 24.8 * A A 
09-10-80 14.7 17.6 20.6 * * * * * * 2.0 7.8 15.1 
09-24-80 16.0 15.7 21.2 13.3 12.8 12.8 13.2 21.4 22.9 * A A 
10-09-80 16.8 17.0 19.3 * * * * A * 2.2 3.1 15.9 
10-^23-80 17.9 17.9 18.1 13.4 13.4 13.4 18.2 18.2 21.4 * A A 
11-05-80 17.2 17.2 17.2 * * * * * * 0.9 1.0 1.0 
12-04-80 18.2 18.2 18.2 12.6 * * 18.6 * * A A A 
01-22-81 17.8 18,1 20.3 * * * * * * 0.9 1.0 1.1 
02-05-81 17.5 18.0 20.2 13.2 13.5 13.4 18.5 19.0 19.6 A A A 
03-04-81 17.7 17.8 17.7 * * * * * * 2.1 2.1 2.1 
03-26-81 17.7 17.7 17.8 12.9 14.4 12.8 17.4 17.4 17.5 A A A 
04-09-81 17.4 17.3 17.4 * * * * * * 2.3 2.3 2.4 
Table A.22. continued 
Hallett's South Hallett's North Hallett's West Peterson's West 
D a t e  S M B S M B S M B S M B  
04-23-81 16.8 * * 12.2 * * 15.5 * * A * * 
05-07-81 17.1 17.0 17.0 * * * * * * 1.5 1.9 4.6 
05-21-81 16.5 16.6 16.6 12.7 12.6 12.5 14.8 14.8 16.7 * * * 
06— 04—81 16.3 16.4 16.7 * * * * * * 0.2 1.0 1.9 
06-25-81 15.3 15.6 16.3 11.8 11.8 12.1 13.0 12.8 13.0 * * * 
07-09-81 15.9 16.1 17.0 * * * * * * 1.4 3.1 10.7 
07-23-81 16.0 16.0 17.4 12.7 12.1 12.4 13.2 14.1 19.4 * * * 
08-13-81 15.8 16.1 18.9 * * * * * * 1.2 3.0 14.2 
08-31-81 15.2 15.2 18.2 12.5 12.5 12.9 11.2 11.8 20.2 * * * 
09-14-81 15.4 15.5 17.9 * * * * A * 1.8 3.0 15.9 
09-28-81 16.0 16.0 16.0 13.0 13.0 13.0 12.0 12.0 21.5 * * * 
10-12-81 15.6 15.8 15.6 * * * * * * 4.1 4.2 5.1 
10-26-81 15.6 15.6 15.8 13.3 13.3 13.5 14.3 14.2 14.2 * * * 
Table A.23. Fecal collform data In organisms/100 mis for the four studied gravel-plt lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
06-25-80 2 2 1 0 8 5 5 2 110 A A A 
07-09-80 0 2 1 * * * * A A 2 1 5 
07-23-80 0 0 1 0 1 1 4 1 39 A A A 
08—06—80 1 1 0 * * * * A A 0 1 5 
08—20—80 0 0 4 0 0 0 1 220 160 A A A 
09-10-80 0 0 1 * A * * A A 0 0 8 
09-24-80 1 2 1 0 1 0 4 38 100 A A A 
10-09-80 7 1 0 * * * * A A 0 0 2 
10-23-80 0 0 0 4 1 3 12 11 54 A A A 
11-05-80 0 0 0 * * * * A A 0 0 0 
12—04—80 0 0 0 0 * * 0 A A A A A 
01-22-81 0 0 0 * * * * A A 0 0 0 
02-05-81 0 0 0 0 0 0 0 0 0 A A A 
03-04-81 0 0 0 * * * * A A 0 0 0 
03-26-81 0 0 0 0 0 0 0 0 0 A A A 
04-09-81 1 2 13 * * * A A A 0 6 35 
Table A.23. continued 
Hallett's South Hallett's North Hallett's West Peterson's West 
Date S M B S M B S M B S M B 
04-23-81 0 * * 0 * * 120 * * * A A 
05-07-81 0 0 0 * * * * * * 0 0 83 
05-21-81 0 0 0 0 0 0 6 0 4 * A A 
06-04-81 0 0 0 •k * * * * * 1 1 1 
06-25-81 6 5 3 7 2 0 260 230 430 A A A 
07-09-81 1 1 1 * * * * A * 2 1 0 
07-23-81 0 0 1 1 4 2 1 0 200 A A A 
08-13-81 0 1 8 * * * * * * 3 12 22 
08-31-81 43 4 0 1 5 1 280 200 1500 A A A 
09-14-81 4 7 3 * * * * * * 0 0 7 
09-28-81 3 10 4 3 4 1 70 83 1400 A A A 
10-12-81 4 1 0 * * * * * * 0 0 0 
10-26-81 0 0 0 0 0 0 2 7 2 A A A 
Table A.24. BOD data in mg/1 for the four studied gravel-pit lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson' s West 
S M B S M B S M B S M B 
06-25-80 1.2 3.1 4.6 1.8 0.9 1.4 1.8 1.2 1.9 A A A 
07-09-80 1.9 2.0 5.0 * A A A A A 2.5 1.7 2.1 
07-23-80 1.4 1.3 0.8 0.8 1.6 0.6 1.5 1.1 1.8 A A A 
08—06—80 0.9 1.2 0.8 * A A A A A 1.7 1.7 1.2 
08—20—80 * A * A A A A A A A A A 
09-10-80 1.5 <0.3 0.4 A A A A A A 1.1 1.0 0.6 
09-24-80 1.4 1.1 0.8 1.0 1.1 0.9 2.0 1.4 3.1 A A A 
10-09-80 7.3 1.1 1.2 A A A A A A 2.2 1.2 1.2 
10-23-80 0.8 1.0 0.5 0.5 0.6 0.6 1.6 1.4 2.2 A A A 
11-05-80 0.7 0.4 0.3 A A A A A A 2.3 1.7 2.0 
12-04-80 0.7 0.7 0.8 0.8 A A 0.8 A A A A A 
01-22-81 1.7 1.7 1.1 A A A A A A 1.1 2.6 2.1 
02-05-81 0.9 1.0 1.8 <0.8 <0.8 <0.8 1.3 1.8 1.3 A A A 
03-04-81 0.8 1.2 0,8 A A A A A A 2.7 2.8 2.5 
03-26-81 0.8 0.8 <0.8 0.8 0.8 0.9 1.2 1.3 0.8 A A A 
04-09-81 <0.8 <0.8 <0.8 A A A A A A 3.0 2.9 2.1 
Tàble A. 24. continued 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S M B S M B S M B S M B 
04-23-81 1.4 * * 1.2 * * 2.5 * * * * * 
05-07-81 0.8 0.9 0.8 * ft * * * * 3.5 2.3 1.2 
05-21-81 1.0 0.8 <0.75 3.2 1.1 1.0 1.1 1.4 1.1 * * * 
06-04-81 0.8 1.0 1.7 •k * * * * * 1.8 2.2 1.6 
06-25-81 * * * * * * * * * * * * 
07—09—81 0.8 0.8 1.0 * * * * * * 2.3 1.5 1.3 
07-23-81 0.8 0.9 1.1 0.8 1.1 1.4 2.2 2.4 0.9 * * * 
08-13-81 1.0 0.8 1.0 * * * * * * 2.6 2.5 2.1 
08-31-81 1.0 0.8 1.0 0.9 0.8 0,8 2.0 1.8 <0.8 * * * 
09-14-81 1.4 1.2 <0.75 * * * * * * 2.2 3.0 1.2 
09-28-81 0.8 0.8 <0.8 <0.8 <0.8 <0.8 1.3 1.3 1.0 * * * 
10-12-81 1.1 0.9 0.8 * * * * * * 1.8 1.2 1.2 
10-26-81 <0.8 <0.8 0.8 0.9 0.9 0.8 1.0 1.1 1.1 * * * 
Table A.25. COD data in mg/1 for the four studied gravel-pit lakes 
Hallett's South Hallett's North Hallett's West Peterson's West 
D a t e  S M B S M B S M B S M B  
06-25-80 * * * * * * * * * * * * 
07-09-80 * * * * * * * * * * * * 
07-23-80 13.0 12.2 14.2 10.8 11.6 12.1 13.2 13.8 17.2 * * * 
08—06—80 8.4 8.4 10.8 * * * * * * 18.4 14.5 14.1 
08—20—80 10.5 9.3 4.9 7.3 3.0 8.9 20.7 5.6 5.8 * * * 
09-10-80 9.6 6.4 7.8 * * * * * * 13.0 13.0 12.0 
09-24-80 5.9 6.0 5.9 5.9 7.1 14.2 14.9 10.7 16.2 A * * 
10-09-80 7.0 7.5 8.3 * * * * * * 14.0 14.0 16.8 
10-23-80 11.1 7.1 8.0 7.1 6.4 5.2 15.8 15.3 18.0 * * * 
11-05-80 7.0 7.1 7.5 * * * * * * 16.0 14.8 14.9 
12-04-80 7.2 7.4 7.4 6.0 * * 10.6 * * A * * 
01-22-81 6.2 5.8 5.0 * * * * * * 9.3 10.9 11.5 
02-05-81 7.1 7.3 5.3 4.0 5.0 4.9 13.1 14.5 11.0 * * * 
03-04-81 10.6 11.1 13.1 * * * * * * 11.7 10.4 12.1 
03-26-81 8.0 7.8 8.0 6.4 1.8 2.8 10.6 8.0 10.0 * * * 
04-09-81 6.0 6.0 5.0 * * * * * * 13.9 13.9 14.1 
Table A.25. continued 
Hallett's South Hallett's North Hallett's West Peterson's West 
Date S M B S. M B S M B S M B 
04-23-81 11.0 * * 13.0 * * 15.0 * * * * * 
05-07-81 9.6 9.1 8.3 * * * * * * 38.7 37.0 15.2 
05-21-81 9.3 9.7 9.5 16.3 9.9 9.9 12.0 14.0 12.4 * * * 
06—04—81 6.3 8.1 6.9 * * * * A * 13.6 13.3 14.4 
06-25-81 4.0 4.0 4.0 6.0 5.0 6.0 11.0 14.0 13.0 * * * 
07-09-81 6.1 5.5 5.0 * * * * * * 13.4 14.8 13.6 
07-23-81 3.2 4.4 5.2 5.4 4.2 7.0 14.0 20.0 13.0 * * * 
08-13-81 6.4 4.4 5.0 * * * * * * 12.2 11.2 18.2 
08—31—81 7.0 6.4 7.0 7.2 7.0 6.6 15.2 14.0 19.2 * * * 
09-14-81 6.9 5.9 5.5 * * * * * * 13.0 11.6 16.9 
09-28-81 6.2 5.8 7.2 7.4 7.4 6.8 14.6 14.8 15.8 * * * 
10-12-81 6.8 7.6 7.4 * * * * * * 11.4 14.2 13.6 
10-26-81 3.9 4.5 3.9 5.1 4.3 4.3 8.6 10.3 10.2 * * * 
Table A.26. Corrected chl a data In mg/m^ for the four studied gravel-plt lakes 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S IM 2M S IM 2M S IM 2M S IM 2M 
06-25-80 2 2 2 1 1 1 1 G 0 * * * 
07-09-80 3 4 5 * * * * * * 5 5 5 
07-23-80 3 2 2 2 1 2 2 2 2 * * * 
08—06—80 5 6 5 * * * * * * 12 12 13 
08—20—80 1 7 6 3 3 3 19 18 14 * * A 
09-10-80 3 7 22 * * * * * * 8 10 16 
09-24-80 4 5 2 4 4 3 9 8 8 * * A 
10-09-80 5 5 5 * * * * * •k 28 28 26 
10-23-80 4 4 4 5 5 5 14 12 14 * A A 
11-05-80 2 4 4 * * * * * * 31 38 35 
12-04-80 6 5 6 5 * * 5 * * * * A 
01-22-81 13 14 16 * * * * * . * 5 27 33 
02-05-81 8 10 12 1 1 1 6 14 15 * * A 
03—04—81 4 4 3 * * * * * * 15 15 15 
03-26-81 4 4 4 2 2 2 3 4 4 * * A 
04-09-81 3 3 4 * * * * * * 29 30 30 
Table A.26. continued 
Date 
Hallett's South Hallett's North Hallett's West Peterson's West 
S IM 2W S IM 2M S IM 2M S IM 2M 
04-23-81 3 * * 6 A * 9 * * A * * 
05-07-81 4 4 3 * * * * * * 24 24 24 
05-21-81 2 1 1 49 41 47 2 2 2 * * * 
06—04—81 0 0 0 * * * * * * 4 4 4 
06-25-81 1 1 1 2 2 2 4 4 4 * * * 
07—09—81 2 1 1 * * * * * * 7 6 6 
07-23-81 2 2 2 2 2 2 6 7 7 * * * 
08—13—81 3 3 3 * * * * * * 10 8 8 
08-31-81 2 2 2 1 2 2 8 6 8 •k * * 
09-14-81 3 4 4 * * * * * * 12 12 12 
09-28-81 2 2 2 2 2 2 20 21 19 * * * 
10-12-81 4 5 5 * * * * * * 17 16 16 
10-26-81 4 4 4 2 2 2 2 2 2 * * * 
Table A.27. Secchl depth data In meters for the four studied gravel-plt lakes 
Date Hallett's South Hallett's North Hallett's West Peterson's West 
06-25-80 1.0 2.5 3.5 * 
07-09-80 1.7 * * 2.2 
07-23-80 1.8 1.3 2.6 * 
08—06—80 1.0 * * 1.0 
08—20—80 0.75 0.6 2.0 * 
09-10-80 1.0 * * 1.1 
09-24-80 1.7 0.6 1.4 * 
10—09—80 2.0 * * 1.0 
10-23-80 2.0 0.5 0.6 * 
11-05-80 1.3 * * 0.8 
12-04-80 1.1 0.4 1.5 * 
01-22-81 2.25 * * 1.2 
02-05-81 1.8 1.5 1.6 * 
03-04-81 1.2 * * 1.1 
03-26-81 1.4 1.2 3.0 * 
04-09-81 1.2 * * 0.6 
Table A.27. continued 
Date Hallett's South Hallett's North Hallett's West Peterson's West 
04-23-81 * * * * 
05-07-81 1.2 * * 0.85 
05-21-81 1.5 0.75 3.2 * 
06-04-81 2.2 * * 1.2 
06-25-81 2.0 1.5 0.65 * 
07-09-81 1.1 * * 1.3 
07-23-81 3.0 2.1 2.2 * 
08-13-81 1.5 * * 1.6 
08-31-81 2.5 1.95 1.5 * 
09-14-81 1.6 •k * 1.2 
09-28-81 1.6 1.1 1.0 * 
10-12-81 1.5 * * 1.1 
10-26-81 1.7 1.4 2.4 * 
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APPENDIX B. 
STAGE-DISCHARGE CURVES FOR LOW FLOW MEASURING WEIRS 
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Figure B.2. Stage-discharge curve for urban weir 
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APPENDIX C. 
STOBMWATER RUNOFF WATER QUALITY DATA 
Table C.l, Stream flow at time of sample collection for all agricultural drainage storm runoff 
events 
Agricultural Sample number 
drainage 12345678 
07-27-81 
Time of sample 3:03 3:33 3:48 4:03 4:18 4:33 4:48 * 
Flow (l/sec) 0.00 0.001 0.001 0.039 0.371 0.499 0.095 * 
08—14—81 
Time of sample 23:12 23:14 23:20 23:22 23:30 23:45 24:00 01:15 
Flow (l/sec) 12.11 24.22 66.55 75.33 110.45 35.55 59.47 47.44 
08—28—81 
Time of sample 12:40 12:55 1:10 1:25 1:40 1:55 * * 
Flow (l/sec) 2.440 0.340 0.128 0.095 0.023 0.008 * * 
Table C.2. Stream flow at time of sample collection for all urban drainage storm runoff events 
Urban Sample number 
drainage 123 4567 8 
09-24-81 
Time of sample 20:05 20:15 20:25 20:35 20:50 21:05 21:20 21:35 
Flow (l/sec) 455.95 785.88 1069.08 1033.68 283.20 111.44 47.58 38.52 
11-03-81 
Time of sample 7:43 7:53 8:03 8:13 8:23 8:43 9:03 9:33 
Flow (l/sec) 21.71 118.21 260.83 279.09 257.71 180.40 130.41 42.92 
- - - 00 
Ln 
Table C.3. Water quality data, agricultural drainage stream, 7-27-81 storm 
Sample number 
1 2 3 4 5 6 7 8 
BOD mg/1 9.9 20 >21 >20 >18 >15 >13 * 
COD mg/1 193 213 215 271 382 584 909 * 
Total Solids mg/1 2930 2016 1420 1299 2154 2010 2270 * 
Suspended Solids mg/1 2775 1665 940 820 1725 1430 1655 * 
Total PO^ mg/1 PO^ 14.1 22.0 22.9 31.5 35.5 41.9 56.5 * 
Ortho PO^ mg/1 PO^ 1.85 5.00 6.41 5.44 8.96 10.0 13.6 * 
NOg + NOg-N mg/1 N 11.56 10.63 10.58 9.84 8.17 6.81 5.96 * 
NH^-N mg/1 N 0.79 1.40 1.40 2.29 3.17 5.71 14.60 * 
Kjel-N mg/1 N 13.4 12.0 12.6 17.0 22.9 33.4 52.0 * 
Fecal Coliform org/100 ml 1.3E5 TNTC® TNTC TNTC TNTC TNTC TNTC * 
Fecal Strep org/100 ml * * * * * * * * 
®Too numerous to count. 
Table G.4. Water quality data, agricultural drainage stream, 8-14-81 storm 
Sample number 
1 2 3 4 5 6 7 8 
BOD mg/1 16.7 46.3 >212 >215 >183 >116 67.5 33.5 
COD mg/1 713 3700 4960 5250 4980 1130 607 321 
Total Solids mg/1 16060 24970 22400 19240 14520 4305 3699 2348 
Suspended Solids mg/1 15240 24600 18200 14980 10120 3630 3240 2060 
Total PO^ mg/1 PO^ 42.5 176 408 506 444 92.6 39.5 27.4 
Ortho PO^ mg/1 PO^ 3.27 11.9 72.8 98.6 121 36.2 6.31 4.30 
NOg + NO3-N mg/1 N 0.98 3.80 2.91 2.76 2.38 2.55 1.11 0.72 
NH^-N mg/1 N 0.67 3.33 38.8 60.5 59.8 13.3 3.06 1.38 
KJel-N mg/1 N 40.0 163 345 491 394 84.4 47.0 42.3 
Fecal Collform org/100 ml 2.6E5 >2E6 >2E6 >2E6 >2E6 >2E6 >2E6 >2E6 
Fecal Strep org/100 ml * * * * * * * * 
Table C.5. Water quality data, agricultural drainage stream, 8-28-81 stoinn 
Sample number 
1 2 3 4 5 6 7 8 
BOD mg/1 207 192 70.5 31.5 21.0 25.0 * * 
COD mg/1 903 798 324 193 138 115 * * 
Total Solids mg/1 3158 1956 1261 1073 926 924 * * 
Suspended Solids mg/1 2760 1510 836 232 312 533 * * 
Total PO^ mg/1 PO^ 73.4 61.1 25.2 17.5 15.0 14.7 * * 
Ortho PO^ mg/1 PO^ 18.6 19.8 9.20 8.50 9.45 8.83 * * 
NOg + NO3-N mg/1 N 3.04 3.83 1.51 0.88 0.73 0.39 * * 
NH^-N mg/1 N 4.20 9.40 2.91 2.09 2.23 2.16 * A 
Kjel-N mg/1 N 55.3 52.5 19.6 14.0 11.5 8.24 * A 
Fecal Conforms org/100 ml >2E6 >2E6 >2E6 1.5E6 7.0E5 6.7E5 * A 
Fecal Strep org/100 ml * * * * * * * * 
Table C,6. Water quality data, urban drainage stream, 9-24-81 storm 
Sample number 
1 2 3 4 5 6 7 8 
BOD mg/1 16.5 33.5 9.9 6.3 6.3 6.7 6.3 6.1 
COD mg/1 131 316 79.9 49.9 25.1 22.7 22.7 24.0 
Total Solids mg/1 968 1744 442 394 237 218 218 194 
Suspended Solids mg/1 640 1470 367 248 151 116 88 72 
Total PO^ mg/1 PO^ 2.52 6.37 1.76 1.13 0.85 0.82 0.76 0.78 
Ortho PO^ mg/1 PO^ 0.71 1.25 0.43 0.37 0.36 0.39 0.42 0.48 
NOg + NO3-N mg/1 N 0.63 1.55 0.20 0.20 0.33 0.50 0.59 0.67 
NH^-N mg/1 N 0.45 1.58 0.35 0.35 0.41 0.45 0.46 0.47 
Kjel-N mg/1 N 3.58 10.00 2.30 1.65 0.69 0.68 0.99 0.96 
Fecal Colifonn org/100 ml 4.3E4 >2E6 1.6E5 4.7E4 2.6E4 3E4 3.5E4 2.6E4 
Fecal Strep org/100 ml 1.9E5 >1E6 >4E5 1.5E5 9.8E4 >6.7E4 >4E4 >4E4 
Table C.7. Water quality data, urban drainage stream, 11-3-81 storm 
Sample number 
1 2 3 4 5 6 7 8 
BOD mg/1 4.0 5.2 8.5 7.8 9.9 7.2 4.8 3.6 
COD mg/1 21.2 26.7 54.9 74.5 65.1 35.3 25.9 20.5 
Total Solids mg/1 272 326 250 441 265 141 144 133 
Suspended Solids mg/1 15 63.8 140 285 185 83.3 59.8 41.2 
Total PO^ mg/1 PO^ 0.28 0.66 0.81 1.18 0.97 0.67 0.72 0.76 
Ortho PO^ mg/1 PO^ 0.22 0.47 0.22 0.29 0.19 0.29 0.42 0.54 
NOg + NO3-N mg/1 N 2.17 2.39 1.27 1.43 0.90 0.52 0.46 0.54 
NH^-N mg/1 N 0.35 0.55 0.40 0.28 0.36 0.38 0.33 0.28 
Kjel-N mg/1 N 0.73 1.38 1.74 2.04 1.79 1.06 0.86 0.95 
Fecal Conform org/100 ml 38,000 20,000 52,000 26,000 27,000 18,000 39,000 22,000 
Fecal Strep org/100 ml * * * A * * * * 
